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Pretest 


Pretest Questions 

The follovving questions are muitipie ehoiee. Determine vvhieh ehoiee vvouid be the best ansvver 
to the question. The ansvvers to the pretest questions are ioeated at the end of this seetion. 

1. The thumb is eonsidered to be_to the iittie finger. 

A. iaterai 

B. mediai 
e. anterior 
D. posterior 

2. VVhieh of the foiiovving terms refers to the iovver arm? 

A. Brachium 

B. Antebrachium 
e. Surai 

D. Crurai 

3 . The surai and crurai are anatomieai terms for the_. 

A. iovver arm 

B. iovver ieg 
e. upper arm 
D. upper ieg 

4 . The epigastrie region is a region that is a part of vvhieh of the foiiovving? 

A. Thoraeie eavity 

B. Abdominopeivie eavity 
e. Peivie eavity 

D. Graniai eavity 

5. The hypogastrie region is immediateiy inferior to the_region. 

A. epigastrie 

B. umbiiicai 

e. hypoehondriae 
D. iiiae 


1 
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6. The spleen is loeated in the_region. 

A. epigastrie 

B. left hypoehondriae 
e. right hypoehondriae 
D. umbilical 

7- The maintenanee of an optimal internal environment is termed_. 

A- positive feedbaek 
B. negative feedbaek 
e. homeostasis 
D. metabolism 

8 - When the body temperature rises, the body has ways to eorreet the situation and reduce 

the body temperature baek to the normal range. This is an example of_. 

A. positive feedbaek meehanism 

B. negative feedbaek meehanism 
e. homeostasis 

D. eatabolism 

E. anabolism 

9- Which of the following would be an example of a positive feedbaek meehanism? 

A. The fluctuation of calcium ions in the bloodstream 

B. The proeess of ehildbirth 

e. The rise of insulin production during food intake and the fall of insulin production after 
food intake 

10. In order to determine the atomie mass unit of an atom; you have to do which of the 
following? 

A. Add the number of protons to the number of eleetrons 

B. Add the number of protons to the number of neutrons 
e. Add the number of neutrons to the number of eleetrons 

D. Subtract the number of protons from the number of neutrons 

11 . Which of the following orbit around the nucleus of an atom? 

A. Eleetrons 

B. Protons 
e. Neutrons 
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12. VVhen the number of_ehange, the atom beeomes an isotope. 

A. eleetrons 

B. protons 
e. neutrons 

13. Atoms arranged in the first coiumn on the periodie tabie are arranged in that manner 

because_. 

A. they have the same number of protons 

B. they have eommon eharaeteristies 

e. they have the same number of eieetrons 
D. they are the smaiiest atoms 

14. VVhieh of the foiiovving subatomic partieies of an atom eannot ehange? 

A. Protons 

B. Eieetrons 
e. Neutrons 

15. The iast coiumn on the periodie tabie eonsists of inert atoms. These atoms wiii not 

beeome_. 

A. isotopes 

B. ions 
e. stabie 

D. radioaetive 

16. VVhieh of the foiiowing represents an ion? 

A. Ca"" 

B. Ca 
e. Oz 

D. '®0 

17. Bond the foiiowing ions together: Caicium ions and ehioride ions. 

A. ea^ei 

B. CaCÌ2 
e. CaCi 
D. Ca3CÌ2 

18. VVhieh of the foiiowing is a poiyatomie ion? 

A. N 2 

B. HeOa'" 

e. C02 

D. NaCi 
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19. Atoms that have the same number of protons but yet a different number of neutrons are 

ealled an_. 

A. ion 

B. isotope 
e. enzyme 
D. anion 

20 . How many neutrons wouid Na have? 

A. 11 

B. 12 
e. 23 
D. 34 

21 . The 24 in ^^Na represents_? 

A. the number of protons sodium has 

B. the number of eieetrons sodium has 
e. the atomie mass unit of sodium 

D. the number of neutrons sodium has 

22 . Amino aeids bonded together wiii form a_. 

A. iipid moiecuie 

B. protein moiecuie 
e. fat moiecuie 

D. nucieic aeid moiecuie 

23 . Moiecuies that store and proeess information in the eeiis are eoiieetiveiy eaiied_. 

A. nucieic aeids 

B. enzymes 
e. proteins 
D. isotopes 

24 . Garbon dioxide has how many doubie bonds? 

A. 1 

B. 2 
e. 3 

D. 4 
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25 . A solution that has a pH of 3 is_times more addie than a solution with a pH of 6. 

A. 3 

B. 30 
e. 300 

D. 100 

E. 1,000 

26 . pH is the measure of_in solution. 

A. hydrogen ions 

B. biearbonate ions 
e. sodium ions 

D. caldum ions 

27 . A solution that stabilizes the pH of a solution is a_. 

A. buffer 

B. base 

e. neutral substance 

28 . VVhieh of the following eell organelles produce cellular energy? 

A. Mitoehondria 

B. Ribosomes 
e. Lysosomes 
D. Nucleus 

29 . VVhieh of the following eell organelles produce protein? 

A. Mitoehondria 

B. Ribosomes 
e. Lysosomes 
D. Nucleus 

30 . ehromosomes are structures that are eomposed of_. 

A. molecules of protein 

B. molecules of deoxyribonucleic aeid 
e. molecules of enzymes 

D. molecules of lipids 
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31 . The eell membrane is eomposed of_layer/s. 

A. one 

B. two 
e. three 
D. four 

32 . VVhieh of the foiiowing moieenies are found oniy in the outer iayer of the eeii membrane? 

A. ehoiesteroi 

B. Protein 

e. Giyeoiipids 
D. Phosphoiipids 

33 . The moiecuie that transports information from the DNA moiecuie to the ribosomes of the 

eeii for the purpose of producing protein is_. 

A. an enzyme 

B. ribonucieic aeid 

e. adenosine triphosphate 
D. a iipid 

34 . The movement of water from an area of high water eoneentration to an area of iow water 

eoneentration aeross a eeii membrane is eaiied_. 

A. a proeess of difftjsion 

B. a proeess of osmosis 
e. a proeess of transiation 

35 . If the extracellular fluid eonsisted of a higher eoneentration of solutes than the intracellular 

fluid, the extracellular fluid would be ealled_. 

A. hypotonie 

B. hypertonie 
e. isotonie 

D. homeostatie 

36 . A eell that is exposed to a hypertonie environment will_. 

A. dehydrate 

B. flll with water 

e. stay in homeostasis 
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37 . The phase of mitosis vvhere the paired ehromatids are being puiled apart is ealled_ 

A. metaphase 

B. anaphase 
e. telophase 
D. prophase 

38 . The phase of mitosis vvhere the paired ehromatids line up in the eenter of the nuclear 

region is ealled_. 

A. metaphase 

B. anaphase 
e. telophase 
D. prophase 

39 . At the end of eell reproduction, one eell vvill have beeome_eells. 

A. 2 

B. 4 

e. 10 

D. 50 

40 . Adipose eells belong in vvhieh of the follovving tissue eategories? 

A. Epithelial tissue 

B. Muscular tissue 
e. Neural tissue 

D. Gonneetive tissue 

41 . VVhen vievving eells in the mieroseope, the eells that have a striped appearanee are 

the_. 

A. skeletal muscle eells 

B. neural eells 

e. columnar eells 
D. dense eells 

42 . Cells that eontraet under involuntary eontrol are_. 

A. skeletal muscle eells 

B. smooth muscle eells 
e. dense eonneetive eells 
D. glial eells 
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43 . The most superficial layer of the epidermis is the_. 

A. stratum germinativum 

B. stratum corneum 

C. stratum spinosum 

D. stratum granulosum 

44 . Melanoeytes are eells that_. 

A. produce a pigment to proteet the skin 

B. give the skin its elastieity 

e. proteet the skin from dehydration 
D. are involved in hair grovvth 

45 . VVhieh layer of skin provides proteetion against invading pathogens? 

A. Epidermis 

B. Dermis 

e. Hypodermis 
D. Subcutaneous layer 

46 . Glands that are involved in lubricating the skin are ealled_glands. 

A. sebaceous 

B. meroerine 
e. apoerine 
D. endoerine 

47 . Glands that produce perspiration for eooling purposes are ealled_ 

A. sebaceous 

B. meroerine 
e. apoerine 
D. endoerine 

48 . A plugged_gland may result in pimple formation. 

A. apoerine 

B. meroerine 
e. sebaceous 
D. ceruminous 


glands. 
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49 . The suture of the skull that artlculates the two parietal bones is ealled the 

A. sagittal 

B. parietal 
e. eoronal 
D. temporal 

50 . How many temporal bones are there in the skull? 

A. 1 

B. 2 
e. 3 
D. 4 

51 . VVhat is the name of the skull bone that makes up the posterior skull? 

A. Parietal 

B. Oeeipital 
e. Sphenoid 
D. Ethmoid 

52 . VVhieh of the following would be eonsidered the “upper” jaw? 

A. Vomer 

B. Maxilla 
e. Sphenoid 
D. Mandible 

53 . The inferior portion of the nasal septum is ealled the_. 

A. perpendicular plate of the ethmoid 

B. vomer 
e. maxilla 
D. zygomatie 

54 . The “eheek” bones are anatomieally known as the_bones. 

A. maxillary 

B. mandibular 
e. zygomatie 
D. parietal 
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55 . VVhat is the name of the foramen the spinal eord passes through? 

A. Foramen iaeernm 

B. Foramen rotundum 
e. Foramen magnum 
D. Foramen ovaie 

56 . The foramen spinosum is a iittie posterior to the_. 

A. foramen ovaie 

B. foramen iacerum 
e. juguiar foramen 
D. earotid eanai 

57 . The iarge foramen ioeated on the maxiiiary bone is the_. 

A. mentai foramen 

B. iaerimai foramen 
e. infraorbitai foramen 
D. foramen magnum 

58 . Vertebra number one that hinges with the skuii is eaiied the_. 

A. axis 

B. atias 
e. dens 
D. coccyx 

59 . How many iumbar vertebrae are there? 

A. 5 

B. 7 

e. 12 

D. 24 

60 . Humans have how many pairs of ribs? 

A. 6 

B. 12 
e. 24 

D. It depends on the sex of the person. 
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61 . VVhieh bone eonsists of the “eibovv”? 

A. Radius 

B. Humerus 
e. Uina 

D. Scapuia 

62 . How many earpais are there per wrist? 

A. 5 

B. 7 

e. 8 

D. 10 

63 . The bones that make up the baek of the hand are eaiied the 

A. metaearpais 

B. metatarsais 
e. earpais 

D. tarsais 

64 . VVhieh bone eonsists of the greater troehanter? 

A. Humerus 

B. Scapuia 
e. Femur 
D. Hip 

65 . VVhieh bone of the iower ieg is iaterai to the other? 

A. Tibia 

B. Fibuia 
e. Femur 
D. Uina 

How many tarsai bones are there per ankie? 

A. 5 

B. 7 

e. 8 

D. 9 


66 . 
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67 . VVhieh muscle is lateral to the palmaris longus? 

A. Flexor earpi radialis 

B. Flexor earpi ulnaris 
e. Bieeps braehii 

D. Trieeps braehii 

68. VVhieh muscle is lateral to the semitendinosus? 

A. Bieeps braehii 

B. Bieeps femoris 
e. Graeilis 

D. Sartorius 

69 . VVhat is the name of the major muscle loeated near the parotid salivary glands and is used 
for elosing the jaw for chewing purposes? 

A. Masseter 

B. Zygomaticus 
e. Platysma 

D. Sternoeleidomastoid 

70 . The main ftjnetioning unit of a muscle is the_. 

A. muscle fiber 

B. muscle eell 

e. muscle sareomere 
D. muscle sareolemma 

71 - During muscle eontraetion, one of the protein filaments slide. VVhieh of the follovving is the 
filament that slides? 

A. Myosin 

B. Troponin 
e. Aetin 

D. Tropomyosin 

72 . Cross-bridges streteh and bond to vvhieh of the follovving? 

A. Myosin 

B. Aetin 

e. Troponin 
D. Tropomyosin 
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73 . VVhat is the name of the eells that are responsible for eondneting impnises? 

A. Nenrons 

B. Giiai eeiis 

e. Sehvvann eeiis 
D. Nenrogiia 

74 . Nenrotransmitters are reieased from the_. 

A. axons 

B. dendrites 
e. soma 

75. The most abnndant ions ioeated on the ontside of the neuron are_ions. 

A. caicium 

B. sodium 
e. potassium 
D. ehioride 

76 . Stimuiation of the reticuiar aetivating system wiii_. 

A. put a person to sieep 

B. keep a person aiert 

e. cause the brain to eease ftjnetioning 
D. cause spinai eord spasms 

77 . The bundie of nerve fibers that “eonneet” the ieft hemisphere with the right hemisphere 

are eaiied the_. 

A. corpus caiiosum 

B. ehoroid piexus 
e. midbrain 

D. meduiia obiongata 

78 . The thaiamus and hypothaiamus are part of the_region of the brain. 

A. teieneephaion 

B. dieneephaion 
e. meteneephaion 
D. meseneephaion 

79 . VVhieh of the foiiowing is not a part of the nerve piexus system? 

A. Lumbar nerves 

B. Gervieai nerves 
e. Thoraeie nerves 
D. Braehiai nerves 
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80 . The braehial plexus eonsists of nerves that emerge from the_. 

A. eervieal region 

B. braehial region 

e. eervieal and braehial region 
D. eervieal and thoraeie region 

81 . The phrenie nerve is part of the_plexus. 

A. eervieal 

B. braehial 
e. lumbar 
D. saeral 

82 . The meninges are_. 

A. speeifie lobes of the brain 

B. membranes that surround the brain and spinal eord 
e. eavities vvithin the brain 

D. traets of nerves that aseend and deseend the spinal eord 

83 . eerebrospinal fluid is produced by the_. 

A. cerebrum 

B. cerebellum 

e. ehoroid plexus 
D. corpus callosum 

84 . eerebrospinal fluid flovvs betvveen the_. 

A. pia mater and araehnoid 

B. araehnoid and dura mater 
e. the brain and pia mater 
D. dura mater and the skull 

85 . Stimulation of a_nerve vvill cause the pupils of the eyes to eonstriet. 

A. parasympathetie 

B. sympathetie 

86. Stimulation of a_nerve vvill cause the pupils of the eyes to dilate. 

A. parasympathetie 

B. sympathetie 
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87 . Stimulation of the vagus nerve ean cause the heart rate to slow down. The vagus nerve is 

a_nerve. 

A. parasympathetie 

B. sympathetie 

88. How many pairs of eranial nerves are there? 

A. 6 

B. 10 

e. 12 

D. 24 

89 . VVhat is the number for the eranial nerve that is involved in sending impulses to the 
oeeipital lobe for the interpretation of vision? 

A. I 

B. II 
e. V 

D. VII 

90 . An afflietion of this eranial nerve may result in the eondition known as Bell’s palsy. 

A. Faeial nerve 

B. Vagus nerve 

e. Hypoglossal nerve 
D. Abducens nerve 

91 . The optie dise of the eye is the region where_. 

A. the rods and eones of the eye form 

B. light shines through to focus on the retina 

e. blood vessels and the optie nerve emerges from the eye 
D. the lens attaehes to the eye itself 

92 . VVhieh ossiele is eonneeted direetly to the ear drum? 

A. Stapes 

B. Malleus 
e. Incus 

93 . The optie nerve is loeated_. 

A. at the eenter of the baek of the eye 

B. a little bit medial to the eenter of the baek of the eye 
e. a little bit lateral to the eenter of the baek of the eye 
D. a little bit inferior to the eenter of the baek of the eye 
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94 . The posterior pituitary gland releases 

A. the antidiuretic hormone 

B. parathormone 

C. ealeitonin 

D. adrenoeortieotropie hormone 

95 . VVhieh of the follovving hormones are involved in sperm production? 

A. Folliele stimulating hormone 

B. Luteinizing hormone 

e. Adrenoeortieotropie hormone 
D. Oxytocin 

96 . The adenohypophysis is knovvn as the_. 

A. posterior pituitary 

B. anterior pituitary 
e. adrenal cortex 
D. thymus gland 

97 . VVhieh hormone aets as a negative feedbaek to ealeitonin? 

A. Parathormone 

B. Thyroxine 
e. Adrenalin 
D. Androgens 

98 . The panereas releases insulin and also_. 

A. glucagon 

B. eortisol 

e. androgens 
D. aldosterone 

99 . What gland produces epinephrine? 

A. Adrenal cortex 

B. Adrenal medulla 
e. Adenohypophysis 
D. Neurohypophysis 
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100 - Eiythropoiesis is the proeess of_. 

A. the deeomposition of red blood eells 

B. the formation of red blood eells 

C- the formation of all the different types of blood eells 
D- the red blood eells delivering oxygen to the body’s tissues 

101 . The breakdovvn of old red blood eells will eventually form_. 

A- bilirubin 
B. eiythropoietin 
C- bile 
D. fibrinogen 

102 . A defieieney in_will cause the kidney eells to release erythropoietin to begin the 

proeess of red blood eell formation. 

A. calcium ions 

B. sodium ions 
C- oxygen 

D. earbon dioxide 

103 - White blood eells that inerease in numbers during an allergie reaetion are_. 

A. monoeytes 

B. eosinophils 
e. lymphoeytes 
D. neutrophils 

104 . Which of the following is the most eommon leukocyte when a patient is in homeostasis? 

A. Neutrophils 

B. Basophils 
e. Eosinophils 
D. Lymphoeytes 
E- Monoeytes 

105 - Which leukocyte is typieally the first one to respond to a baeterial infeetion? 

A. Neutrophils 

B. Basophils 
e. Eosinophils 

D. Lymphoeytes 

E. Monoeytes 
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106. Heparin is an anticoagulant. It prevents blood from elotting by inhibiting vvhieh of the 
follovving blood elotting faetors? 

A. Calcium ions 

B. Fibrinogen 

e. Platelet thromboplastin faetor 
D. ehristmas faetor 

107. Platelets are derived from_. 

A. thromboeytes 

B. megakaryoblasts 
e. leukocytes 

D. fibrinogen 

108. Aspirin is an anticoagulant because it_. 

A. inhibits vitamin K 

B. inhibits calcium ions 

e. reduces platelet stiekiness 
D. inhibits fibrinogen 

109. The differenee betvveen type A blood eells and type B blood eells is_. 

A. the blood eell membrane has different glyeolipids 

B. the red blood eells have a different shape 

e. the red blood eells metabolize material differently 
D. all of the above 

110. VVhen discussing blood, the agglutinin is the speeifie term for the_found in the 

plasma of blood. 

A. glyeolipids 

B. glyeoproteins 
e. antibodies 

D. antigens 

111. VVhat is the term for the glyeolipid on the surface of red blood eells? 

A. Agglutinogen 

B. Agglutinin 
e. Antibody 
D. Rh faetor 
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112. Paeked blood eonsists of_. 

A. red blood eells only 

B. red blood eells and vvhite biood eeiis 

e. red biood eeiis, vvhite biood eeiis, and piasma 

113. Can type A piasma be donated to a type AB patient? 

A. Yes 

B. No 

114. A person vvith type A biood eannot donate to a person vvith type B biood. This is beeanse 

the_of the type B reeipient vviii be aetivated by the_of the donor. VVhen this 

happens, biood vviii ciump. 

A. aggiutinogens; aggiutinins 

B. aggiutinins; aggiutinogens 
e. giyeoiipids; antigens 

D. antigens; giyeoiipids 

115. Biood on the ieft side of the heart is_. 

A. deoxygenated biood 

B. on its vvay to the iungs 
e. oxygenated biood 

116. The right ventrieie of the heart pumps biood_. 

A. to the iungs 

B. to the body 

e. to the ieft ventrieie 
D. to the right atrium 

117. Gardiae eeiis are found in the_iayer of the heart. 

A. epieardiai 

B. myoeardiai 
e. endoeardiai 

118. The sinoatriai node (paeemaker) is ioeated in the_. 

A. ieft atrium 

B. ieft ventrieie 
e. right atrium 
D. right ventrieie 
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119. The QRS complex of an ECG represents the depolarization of the_. 

A. atria 

B. ventrieles 

e. both atria and ventrieles 

120. Stimulation of the_will result in ventricular eontraetion. 

A. bundle branehes 

B. Purkinje fibers 
e. sino-atrial node 

D. atrio-ventricular node 

121. Bloekage of the thoraeie duct will hinder the fiow of_. 

A. lymph to the left subclavian vein 

B. lymph baek to the heart 

e. lymph to the lower extremities of the body 
D. lymph to the abdominal organs 

122. Lymphoeytes are loeated in all of the following except the_. 

A. tonsils 

B. spleen 
e. thymus 
D. brain 

123. Which of the following primarily produces antibodies? 

A. T eells 

B. B eells 
e. NKeells 

D. Neutrophils 

124. T eells and B eells are a type of_. 

A. monoeyte 

B. lymphoeyte 
e. neutrophil 
D. maerophage 

125. When the thymus gland fails to produce thymosin, there will be a deereased number 

of_. 

A. monoeytes 

B. T eells 

e. lymphoeytes 
D. B eells 
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126- Bloeking T eell aetivity would cause a deerease in_. 

A. antibody production by the B eells 

B. viral aetivity 

C- monoeyte aetivity 

D. the aetive immunity proeess 

127. Air enters into the traehea by passing through the opening to the traehea ealled the 

A. oropharynx 

B. laryngopharynx 
C- glottis 

D. erieoid 

128- The palatine tonsils are loeated_. 

A. in the nasopharynx region 

B. in the oropharynx region 

D- in the laryngopharynx region 

129. The respiratory tubes that braneh off the traehea are ealled the_. 

A- bronehioles 
B. primary bronehi 
e. earina 

130. Blood eapillaries that surround the_will absorb oxygen. 

A- alveoli 
B. lungs 
e. villi 
D. lobules 

131- The diaphragm muscle moves_in order for inhalation to occur. 

A. downward 

B. upward 

132. In order to inhale, the_. 

A. thoraeie eavity must deerease in size thus inereasing thoraeie pressure 

B. thoraeie eavity must inerease in size thus deereasing thoraeie pressure 
e. thoraeie eavity must deerease in size thus deereasing thoraeie pressure 
D. thoraeie eavity must inerease in size thus inereasing thoraeie pressure 
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133. VVhat pereentage of the earbon dioxide produced wiii be exhaied? 

A. 7% 

B. 23% 
e. 70% 

D. 90% 

134. VVhieh of the foiiowing aet as a buffer inside the red biood eeii? 

A. Hemogiobin 

B. ehioride ion 
e. Sodium ion 
D. Iron 

135. An inerease in earbon dioxide will result in_in hydrogen ions. 

A. an inerease 

B. a deerease 

136. VVhat is the name of the salivary glands that are loeated near the masseter muscle? 

A. Sublingual 

B. Submandibular 
e. Parotid 

137. The_eloses over the opening of the traehea to prevent food from going down the 

traehea. 

A. uvula 

B. epiglottis 

e. esophageal sphineter 
D. laryngeal sphineter 

138. The anatomieal name for the eanine teeth is_. 

A. cuspid 

B. bicuspid 
e. premolar 
D. molar 

139. VVhieh of the foIIowing is the eorreet sequence for food passing through the small 
intestine? 

A. Duodenum, jejunum, ileum 

B. jejunum, duodenum, ileum 
e. Jejunum, ileum, duodenum 
D. Duodenum, ileum, jejunum 
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140- The structures inside the small intestine that are involved in absorbing nutrients into the 
bloodstream are ealled_. 

A- alveoli 
B. villi 

e. Kuppfer eells 
D- lobules 

141 - Most of the digestion occurs in the_. 

A. mouth 
B- stomaeh 

e. small intestine 
D- large intestine 

142- Which of the follovving is an aeeessory structure of digestion? 

A- Panereas 
B- Spleen 
e. Colon 
D- Small intestine 

143- What is the function of bile? 

A- Bile will digest fat. 

B- Bile will emulsify fat. 
e. Bile will absorb fat. 

D- Bile is a waste product and serves no function. 

144, What organ stores bile? 

A- Gallbladder 
B- Liver 
C- Panereas 
D- Stomaeh 

145. The small intestine joins the large intestine at the_. 

A- cecum 

B. transverse eolon 
C- deseending eolon 
D- sigmoid 
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146. The function of the large intestine is to_. 

A. get rid of vvaste 

B. house baeteria, vvhieh produce vitamin K 
C- reabsorb vvater 
D. all of the above 

147- The appendix is attaehed to the_. 

A- cecum 
B. aseending eolon 
e. sigmoid eolon 
D. deseending eolon 

148- The hormone,_causes the liver to produce bile and the hormone,_causes the 

gallbladder to eontraet, thereby releasing bile into the small intestine. 

A. eholeeystokinin; seeretin 

B. seeretin; eholeeystokinin 
e. bilirubin; lipase 

D. lipase; bilirubin 

149. Which of the follovving hormones is involved in getting the panereas to release buffers 
into the small intestine? 

A. eholeeystokinin 

B. Seeretin 
e. Glucagon 
D. lnsulin 

150- Which of the follovving hormones causes the stomaeh to produce aeid? 

A- eholeeystokinin 
B. Seeretin 
e. Gastrin 
D. Glucagon 

151. Glyeolysis is a metabolie proeess that occurs in the_. 

A. mitoehondria 

B. eytosol of the eell 
e. nucleus 

D. ribosomes 
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152. The Krebs reaetions are a series of metaboiie reaetions that occur in the_. 

A. mitoehondria 

B. eytosoi of the eeii 
e. nucieus 

D. ribosomes 

153. VVhieh of the foiiovving moiecuies transport hydrogen ions to the eieetron transport 
system for the purpose of buffering and ATP production? 

A. ehoiesteroi 

B. HDL 

e. Giucose 
D. NADH 

154. VVhieh of the foiiovving is the vitamin that beeomes NAD? 

A. Niaein 

B. Thiamine 
e. Foiie aeid 
D. Gobaiamin 

155. The absorption of iron for the purpose of producing hemogiobin requires the presenee 

of_. 

A. vitamin C 

B. vitamin D 
e. niaein 

D. vitamin 6,2 

156. VVhieh vitamin is neeessary for the biood eiotting proeess? 

A. A 

B. D 

e. e 

D. K 

157. The ehoiesteroi that is transported to the iiver to be ineorporated into biie is knovvn as 

_ehoiesteroi and is transported by_. 

A. good; LDL 

B. good; HDL 
e. bad; LDL 
D. bad; HDL 
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158, LDL molecules have a tendeney to drop eholesterol off in the_. 

A. liver 

B. gallbladder 
C- arteries 

D. kidneys 

159. Good eholesterol has a different moleenlar structure than bad eholesterol. 

A. True 

B. False 

160- Which of the follovving urinary tubes exit the kidneys? 

A. LJrethra 

B. LJreter 

e. Pelvie tubes 
D. Gonieal tubes 

161. Which of the follovving urinary tubes exit the urinary bladder? 

A. LJrethra 

B. LJreter 

e. Pelvie tubes 
D. Gonieal tubes 

162. Which kidney sits higher in the body than the other? 

A. Left 

B. Right 

163. The first part of the nephron is the_. 

A. proximal convoluted tubule 

B. nephron loop 

e. glomerular capsule 
D. renal pyramid 

164. The kidneys are made of the cortex region and the medulla region. Most of the nephrons 

are in the_region of the kidneys. 

A. cortex 

B. medulla 
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165. VVaste products are foreed out of the glomerular eaplllarles into the_of the nephron. 

A. proximal convoluted tubule 

B. distal convoluted tubule 
e. nephron loop 

D. glomerular capsule 

166. One ftjnetion of the kidneys is to “eleanse” the blood or filter it. This proeess occurs at 

the_. 

A. proximal convoluted tubule and vasa reeta 

B. glomerular eapillaries and glomerular capsule 
e. nephron loop and vasa reeta 

D. renal artery and renal vein 

167. Approximately what pereentage of the water that enters the kidneys is put baek into the 
bloodstream to prevent dehydration? 

A. 1% 

B. 10% 
e. 50% 

D. 99% 

168. After flltration, which vessels eonsists of “eleaner” blood? 

A. Renal artery 

B. Renal vein 

169. VVhat is the name of the tube that transports sperm eells from the testes to the penile 
urethra? 

A. Ductus deferens 

B. Rete testis 
e. Epididymis 

D. Seminiferous tubules 

170. The flrst gland the sperm eells swim past is the_. 

A. prostate 

B. seminal vesiele 
e. bulbourethral 
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171. A hormone from the pituitary gland initiates the production of sperm eells. What is the 
name of this hormone? 

A. Luteinizing hormone 

B. Folliele stimulating hormone 
e. Gonadotropin hormone 

D. Gametogenesis hormone 

172. Successful fertilization of the egg occurs_. 

A. in the uterus 

B. in the ovaries 

e. in the distal two-thirds of the uterine tubes 
D. in the vagina 

173. When a folliele ruptures, it releases the egg. This ruptured folliele is now ealled a_. 

A. corpus callosum 

B. corpus luteum 
e. corpus albieans 

D. corpus cavernosum 

174. The ruptured folliele will seerete_. 

A. progesterone 

B. folliele stimulating hormone 
e. luteinizing hormone 

175. A deerease in_will initiate the menstrual eyele. 

A. progesterone 

B. folliele stimulating hormone 
e. luteinizing hormone 

176. A deerease in_will initiate menopause. 

A. progesterone 

B. folliele stimulating hormone 
e. luteinizing hormone 

177- What releases the human ehorionie gonadotropin hormone? 

A. The zygote 

B. The plaeenta 
e. The uterus 

D. The ^gote and plaeenta 

E. All of the above 
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25. E 

26. A 
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Pretest 



49. A 

50. B 

51. B 
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If you missed numbers 58 through 59, refer to page 122 (The Thoraeie Cage). 

61. e 

62. e 

63. A 
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Ifyou missed numbers 70 through 72, refer to page 150 (Muscle Structure). 
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Ifyou missed numbers 73 through 75, refer to page 156 (The Impulse). 
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If you missed numbers 76 through 78, refer to page 167 (The Brain). 

79. C 
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81. A 

If you missed numbers 79 through 81, refer to page 176 (Nerve Plexuses). 
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84. A 

Ifyou missed numbers 82 through 84, refer to page 179 (Proteeting the Gentral Nervous System). 

85. A 

86. B 
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If you missed numbers 85 through 87, refer to page 186 (The Spinal Nerves). 

88. e 
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90. A 

If you missed numbers 88 through 90, refer to page 187 (The Cranial Nerves). 

91. e 

92. B 

93. B 

If you missed numbers 91 through 93, refer to page 195 (Introducing the Five Senses). 


94. A 

95. A 

96. B 

If you missed numbers 94 through 96, refer to page 207 (The Pituitary Gland). 
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If you missed numbers 97 through 99, refer to page 209 (Other Endoerine Glands). 

100. B 

101. A 
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If you missed numbers 100 through 102, refer to page 218 (Red Blood Gells). 

103. B 

104. A 

105. A 

If you missed numbers 103 through 105, refer to page 219 (VVhite Blood CeIIs). 

106. A 

107. B 

108. e 

If you missed numbers 106 through 108, refer to page 221 (Platelets and Platelet Response). 

109. A 

110. e 

111. A 

If you missed numbers 109 and 111, refer to page 224 (Glyeolipids and Blood Typing). 

112. A 

113. B 

114. B 

If you missed numbers 112 through 114, refer to pages 224-230 (Donating Paeked CeIIs, 
Donating VVhoIe Blood, Donating Plasma). 

115. e 

116. A 

117. B 

Ifyou missed numbers 115 through 117, refer to page 239 (Structure of the Internai Heart). 

118. e 

119. B 

120. B 

Ifyou missed numbers 118 through 120, refer to page 245 (The Eieetroeardiogram [ECG]). 
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121. A 

122. D 

123. B 

If you missed numbers 121 through 123, refer to page 265 (Lymph and Lymph Vessels). 

124. B 

125. B 
126 A 

If you missed numbers 124 through 126, refer to page 266 (The Lymphatie System and 
Defense). 

127. e 

128. B 

129. B 

If you missed numbers 127 through 129, refer to page 273 (The Respiratory Organs). 

130. A 

131. A 

132. B 

Ifyou missed numbers 130 through 132, refer to page 275 (The Proeess of Inhaiing and Exhaling). 

133. B 

134. A 

135. A 

If you missed numbers 133 through 135, refer to page 277 (The Chloride Shift). 

136. e 

137. B 
138 A 

If you missed numbers 136 through 138, refer to page 287 (The Mouth). 

139. A 

140. B 

141. e 

Ifyou missed numbers 139 through 141, refer to page 292 (The Small Intestine). 

142. A 

143. B 

144. A 

If you missed numbers 142 through 144, refer to pages 296-297 (The Panereas, The Liver and 
Gallbladder). 



Pretest 



145. A 

146. D 

147. A 

If you missed numbers 145 through 147, refer to page 300 (The Large Intestine). 

148. B 

149. B 

150. C 

Ifyou missed numbers 148 through 150, refer to page 303 (Hormones of the Digestive System). 

151. B 

152. A 

153. D 

Ifyou missed numbers 151 through 153, refer to page 308 (Metaboiism of Garbohydrates). 

154. A 

155. D 

156. D 

Ifyou missed numbers 154 through 156, refer to page 315 (Vitamins and Metabolism). 

157. B 

158. C 

159. B 

Ifyou missed numbers 157 through 159, refer to page 317 (Cholesterol and Metabolism). 

160. B 

161. A 

162. A 

If you missed numbers 160 through 162, refer to page 321 (The Functions and Structures of the 
Llrinaiy System). 

163. C 

164. A 

165. D 

If you missed numbers 163 through 165, refer to page 323 (The Internal Structures of the Kidneys). 

166. B 

167. D 

168. B 

If you missed numbers 166 through 168, refer to page 327 (Function of the Nephron). 
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169. A 

170. B 

171. B 

If you missed numbers 169 through 171, refer to pages 335-336 (The Male Reproductive 
System and Sperm CeIIs, The Three Glands of the Male Reproductive System). 

172. C 

173. B 

174. A 

Ifyou missed numbers 172 through 174, refer to page 339 (The Femaie Reproductive System 
and Egg CeIIs). 

175. A 

176. B 

177. D 

Ifyou missed numbers 175 through 177, refer to page 341 (Hormones Assodated with the 
Female Reproductive System). 




Introcluctory Anatomieal 
Terminology and 
Physiologieal Goneepts 

M ost of the terms used in anatomy and physiology are of either Greek or Latin origin. (In 

faet, the term anatomy is derived from a Greek word that means to “cut open.”) These 
terms are deseriptive, and while they may appear to be rather diffìcult in the beginning, 
they soon will be seeond nature to you. YouTl find yourself speaking the language of anatomy 
and physiology in no time. 


Direetional Terms 

Have you ever been in a situation where someone is giving you direetions and says something 
like this, “VVhen you eome to eorner, turn right”? VVhen you’re eoming from one direetion, turn- 
ing right may be north. Goming from the opposite direetion, turning right may be south. It would 
be far better to reeeive direetions in this manner, “VVhen you eome to the eorner, turn north.” This 
way, no matter which direetion you’re traveling, north is always north. 

The same issue applies when deseribing various aspeets of the body. The following is a list of 
terms that are eommonly used when discussing the body, and these are accurate terms regard- 
less how the body is positioned or how you are looking at the body. 

□ Superior means moving from one point to another going toward the head. Do not use the 
word “up.” Here is an example: the patient’s nose is superior to their mouth. To get to the 
nose from the mouth, you have to move in a head-like manner—even if the patient hap- 
pens to be standing on his or her head. 

□ Inferior means moving from one point to another going toward the feet. Do not use the 
word “down.” Here is an example: The patient’s ehin is inferior to their mouth. To get to the 
ehin from the mouth, you have to move toward the feet—even if the patient happens to be 
standing on his or her head. 

□ Medial means moving from one point to another going toward the midline of the body. Do 
not use the word “inside.” Here is an example: the patient’s big toe is medial to the little 
toe. The big toe is not on the “inside” of the foot. To get to the inside of the foot, one would 
have to make an ineision and actually cut into the foot. 
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□ Lateral means moving from one point to another going away from the midiine of the body. 
Do not use the word “outside.” Here is an exampie: the patient’s iittie toe is iaterai to the 
big toe. 

□ Anterior means the point of referenee you are referring to is ioeated on the front side of 
the body. For example: your ehest is anterior to your upper baek. 

□ Posterior means the point of referenee you are referring to is loeated on the baek side of 
the body. For example: your gluteus maximus is on the posterior side of the body. 


Example Problems 

Fill in the following blanks using one of the previously discussed direetional. 

1. The knee is_to the hip bones. 

ansvver: inferior 

2. The ears are_to the nose. 

answer: lateral 

3. The shoulder is_to the elbow. 

answer: superior 

4. The lips are_to the nose. 

answer: inferior 

5. The elbow is on the_side of the arm. 

answer: posterior 

Anatomieal Position 

The anatomieal position for the human body is when the patient is standing with the palms of 
their hands faeing anterior. This position is neeessary for ease of study because it is in this posi- 
tion that the two bones that make up your lower arm are parallel to eaeh other. In this manner, 
your thumbs will be lateral to your little fìnger. Regardless of the position the patient is in, always 
think in terms of anatomieal position. Even if a patient is standing in front ofyou with his arms 
erossed, you still view his thumb as being lateral to his little finger. 
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Example Problems 

Fill in the foliovving bianks (using one of the previousiy discussed direetionai terms) vvhile refer- 
ring to Figure 1 -1. 

1. Point 1 is_to point 2. 

answer: snperior 

2. Point 3 is_to point 4. 

answer: laterai 

3. Point 5 is_to point 6. 

answer: laterai 

4. Point 7 is_to point 8. 

answer: anterior 

5. Point 9 is_to point 10. 

answer: medial 
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3. Your kneeeap is loeated on the_side of the body. 

4. Your navai is ioeated on the_side of the body. 

5. Your giuteai region is ioeated on the_side of the body. 

6 . Your heei bone is ioeated on the_side of the foot. 

7. Your eyes are ioeated_and_to the tip of 

your nose. 

8 . Your navai is ioeated_and_to the right 

nippie region. 

9. Your ears are_to your nose. 

10. Regardiess of the position of the body, the thumbs (digit 1) are aivvays 
_to digit 2. 


Worked Solutions 

1. posterior 

2. posterior 

3. anterior 

4. anterior 

5. posterior 

6. posterior 

7. iaterai anei snperior (snperior anei iaterai) 

8. inferior anei meeiiai (meeiiai anei inferior) 

9. iaterai 

10. iaterai 
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Superficial Landmarks 

When two people are talking about ears, they typieally use ear terminology. Both people under- 
stand eaeh other as long as both understand ear terminology. When two people are talldng about 
computers, they typieally use computer terminology. Both people understand eaeh other as long 
as both understand computer terminology. 

The discussion of the human body isn’t any different than the discussion of other topies. You just 
need to know and understand the language. The language used in seienee is of Latin or Greek 
origin. 

Table 1 -1 lists many terms assoeiated with the superficial regions of the body. The column labeled 
“term” is the seientifie term and the “loeation” is deseribed in laymen’s terms. 


Table 1-1 Superficial Landmarks 

Term 

Loeatìon 

Term 

Loeatìon 

Frons 

Forehead 

Brachium 

Llpper arm 

Otie 

Ear 

Antecubital 

Anterior elbow 

Oris 

Mouth 

Cubital (oleeranon) 

Posterior elbow 

Oculus 

Eye 

Antebrachium 

Lower arm 

Mentis 

Chin 

Carpal 

Wrist 

Nasus 

Nose 

Pollex 

Thumb 

Bucca 

eheek 

Femur 

Thigh 

Oeeipital 

Baek of head 

Patella 

Anterior knee 

Gervieal 

Neek 

Popliteal 

Posterior knee 

Axilla 

Armpit 

Crural (crus) 

Anterior lower leg 

Thoraeie 

ehest 

Sural (sura) 

Posterior lower leg 

Abdomen 

Abdomen 

Calcaneus 

Heel region 

Llmbilieal 

Naval 

Tarsal 

Ankle 

Gostal (dorsum) 

Llpper baek 

Hallux 

Big toe 

Lumbar 

Lower baek 

lnguinal 

Groin region 

Gluteal eleft 

Grease between the left 
and right buttocks 

Gluteal fold 

Fold between the 

buttocks and upper 
thigh 
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Example Problems 

Look at Table 1-1 and revievv the terms. Then use those terms to identify the numbered areas 
assoeiated with Figures 1-2 through 1-5. 



Figure 1-2: Superficial landmarks (anterior view; arm and leg superficial terms). 


1. Body area number 1 is eaiied 
answer: brachium 

2. Body area number 3 is eaiied 


answer: antebrachium 
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6 Body area number 2 is ealled _ 
ansvver: mentis 

7. Body area number 4 is eaiied _ 
ansvver: abdomen 

8 . Body area number 6 is eaiied _ 
ansvver: frons (frontai) 

9. Body area number 8 is eaiied _ 
ansvver: eervieai 

10. Body area number 10 is eaiied 
ansvver: umbiiicai 


Figure 1-4: Superficial landmarks 


11. Body area number 1 is ealled 
ansvver: brachium 

12. Body area number 3 is eailed 
answer: antebrachium 

13. Body area number 7 is eailed 


answer: popiiteai 
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17. Body area number 2 is ealled 
answer: lumbar 

18. Body area number 3 is ealled 
answer: gluteal fold 

Work Problems 

Ansvver Questions 1 through 5 using a body term from Figure 1-2. 

1. Body area number 2 is ealled_ 

2. Body area number 4 is ealled_ 

3. Body area number 6 is ealled_ 

4- Body area number 8 is ealled_ 

5. Body area number 10 is ealled_ 

Ansvver Questions 6 through 10 using a body term from Figure 1-3. 

6. Body area number 1 is ealled_ 

7. Body area number 3 is ealled_ 

8 - Body area number 5 is ealled_ 

9. Body area number 7 is ealled_ 

10. Body area number 9 is ealled_ 

Ansvver Questions 11 through 15 using a body term from Figure 1-4. 

11. Body area number 2 is ealled_ 

12. Body area number 4 is ealled_ 

13. Body area number 5 is ealled_ 

14. Body area number 6 is ealled_ 

15. Body area number 10 is ealled_ 

Ansvver Questions 16 through 19 using a body term from Figure 1-5. 

16. Body area number 4 is ealled_ 

17. Body area number 5 is ealled_ 

18. Body area number 6 is ealled_ 

19. Body area number 7 is ealled_ 
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Worked Solations 

1. antecubital. The antecubital is the area anterior to the elbovv region. 

2. earpal. The vvrist area is ealled the earpal region. 

3. femoral. The upper thigh is the femoral region. 

4. crus. The anterior lovver leg is the crus (crural). 

5. hallux. The big toe is the hallux. The thumb is the pollex. 

6. ocular. The eye region is ealled the ocular or oculus. 

7. thoraeie. The ehest region is the thoraeie. 

8. inguinal. The groin region is the inguinal. 

9. otie. The ear region is the otie. The instrument to look inside the ear is ealled an otoseope. 

10. axilla. The armpit region is the axilla. 

11. enbital. The elbovv region is the cubital. Some texts refer to this region as the oleeranon. 

12. earpal. This is the vvrist area. The posterior vievv is the same as the anterior vievv. 

13. pollex. The thumb is the pollex. The big toe is the hallux. 

14. femoral. The posterior upper thigh is the femoral just at the anterior upper thigh. 

15. ealeanens. The heel of the foot is the calcaneus. 

16. oeeipital. The baek of the head is the oeeipital. 

17. eervieal. The entire neek region is the eervieal. 

18. axilla. The armpit region is the axilla. 

19. glnteal eleft. The sagittal erease betvveen the gluteal regions is the gluteal eleft. 

Body Quadrants 

The torso of the body eonsists of the thoraeie region, the abdominal region, and the pelvie region. 
The thoraeie region eonsists of the lungs and the heart. The thoraeie region and abdominal region 
are separated by a muscle ealled the diaphragm muscle. This is our major breathing muscle. The 
abdominal region and pelvie region are not separated by any physieal structure. Therefore, those 
tvvo regions are eombined together to form the abdominopelvie region. 

The abdominopelvie region eonsists of numerous organs. Therefore, anatomists have subdivided 
the abdominopelvie region into four quadrants to make it easier for the physieian to make a pre- 
liminary diagnosis. 
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Look at Figure 1-6 and mateh the body quadrant name with the appropriate number. The body 
quadrant names are: right upper quadrant (RUQ), right iower quadrant (RLQ), ieft upper quad- 
rant (LUQ), and ieft iower quadrant (LLQ). Keep in mind, when we speak of the right side of the 
body, it is the patient’s right side, not your right side. 

After studying Figure 1-6, answer the four questions foiiowing the Figure. 



Figure 1-6: Body quadrant. 
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Example Problems 

Ansvver the follovving questions using Figure 1-6. 

1. Body quadrant 1 is eaiied_. 

ansvver: right upper quadrant (RUQ). Remember, the right side of the body is the patient’s 
right side, not yours. 

2. Body quadrant 4 is eaiied_. 

answer: ieft iovver quadrant (LLQ) 

3. Most of the iiver is ioeated in vvhieh body quadrant? 

answer: RUQ. The iiver is mostiy on the right side of the abdomen region. 

4. Most of the stomaeh is ioeated in vvhieh body quadrant? 

answer: LUQ. Most of the stomaeh is ioeated to the ieft of the midiine of the body. 

5. Aii of the spieen is ioeated in vvhieh body quadrant? 

answer: LUQ. The spieen is ioeated on the ieft side of the stomaeh. 

Abdominopelvie Regions 

Because there are so many organs in the abdomen and pelvis (abdominopelvie), many physi- 
eians prefer the quadrants to be further subdivided into nine abdominopelvie regions. Look at 
Figure 1-7 to see how the imaginary lines are drawn to ereate the nine abdominopelvie regions. 
Table 1-2 lists the terminology assoeiated with the nine abdominopelvie regions. 


Table 1-2 Abdominopelvie Regions 

Abdominopelvie Term 

Deseription ofLoeation 

Llmbilieal 

In the middle of the abdomen 

Epigastrie 

Superior to the umbilical 

Hypogastrie 

Inferior to the umbilical 

Left hypoehondriae 

Left of the epigastrie 

Right hypoehondriae 

Right of the epigastrie 

Left lumbar 

Left of the umbilical 

Right lumbar 

Right of the umbilical 

Left inguinal (iliae) 

Left of the hypogastrie 

Right inguinal (iliae) 

Right of the hypogastrie 
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Figure 1-7: Nine abdominopelvie regions. 


Example Pmblems 

Use Table 1-2 to mateh the name of the abdominopelvie region with its loeation on Figure 1-7. 

1 - What is the name for abdominopelvie region number 2? 
answer: epigastrie 


2. What is the name for abdominopelvie region number 3? 
answer: left hypoehondriae 
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3. VVhat is the name for abdominopelvie region number 4? 
ansvver: right iumbar 

4. VVhat is the name for abdominopeivie region number 11 
ansvver: right inguinai (iiiae) 

5. VVhat is the name for abdominopeivie region number 8? 
ansvver: hypogastrie 


Physieians are abie to use the nine abdominopeivie regions to heip them determine what is 
wrong with a patient when the patient waiks into the doetor’s offiee and says, “It hurts right 
here.” The patient then points to an area and based on that loeation, the doetor ean determine 
which organ of the body may be involved in the pain that the patient feels. 

Table 1-3 lists various organs loeated within the abdominopelvie region. The loeations of those 
organs are briefiy deseribed. After examining Table 1-3 and referring to Figure 1-7, answer the 
example problems that follow. 


Table 1 -3 

Loeation of Organs in the Abdominopelvie Region 

AbdominopeMe Organ 

Deseríptìon ofLoeatìon 

Liver 

The biggest part (the rounded part ealled the fundus) is loeated on the right 
side of the body, inferior to the diaphragm muscle. The smallest part of the 
liver is loeated left of the fundus. 

Stomaeh 

The biggest part (the rounded part ealled the fundus) is loeated on the left 
side of the body, inferior to the diaphragm muscle. 

Spleen 

Loeated lateral to the fundus of the stomaeh. 

Aseending eolon 

Loeated on the middle right side of the body. 

Deseending eolon 

Loeated on the middle left side of the body. 

Cecum 

Loeated on the lower right side, attaehed to the aseending eolon. It is the 
first part of the large intestine (eolon). 

Appendix 

Gonneeted to the cecum. Loeated right on the border of two lower 
abdominopelvie regions. 

Llrinary bladder 

Loeated in the eenter lower abdominopelvie region. 

Small intestine 

Loeated primarily in the eenter of the abdomen. 
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Example Problems 

Study the names of the nine abdominopelvie regions. Ansvver the follovving questions by using 
one of the abdominopelvie terms. 

1 . The right portion of the iiver is loeated primariiy in vvhieh of the abdominopelvie regions? 
answer: right hypoehondriae 

2. The major portion of the stomaeh is loeated primariiy in vvhieh of the abdominopelvie 
regions? 

answer: ieft hypoehondriae 

3. The spieen is loeated in vvhieh of the abdominopelvie regions? 
answer: ieft hypoehondriae 

4. The urinary bladder is loeated in vvhieh of the abdominopelvie regions? 
answer: hypogastrie 

5. The aseending eolon is loeated in vvhieh of the abdominopelvie regions? 
answer: right lumbar 

Work Problems 

Ansvver numbers 1-5 after studying Figure 1-6. 

1- Aeeording to Figure 1-6, body quadrant 2 is ealled_. 

2. Aeeording to Figure 1-6, body quadrant 3 is ealled_. 

3- The urinaiy bladder is loeated in vvhieh two body quadrants? 

4- The appendix is loeated in which body quadrant? 

5- The gallbladder is loeated in which body quadrant? 

Answer numbers 6-10 after studying Figure 1-7. 

6. What is the name for abdominopelvie region number 1? 

7. What is the name for abdominopelvie region number 5? 

8 - What is the name for abdominopelvie region number 6? 

9. The lumbar abdominopelvie region is (lateral or medial) to the umbilical region? 

10. What is the name for abdominopelvie region number 9? 

The liver is loeated primarily to the (left or right) side of the midline of the body. 


11 . 
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12. The stomaeh is loeated primarily to the (left or right) of the midline of the body. 

13- What is the name of the abdominopelvie region that is loeated in the eenter of the 
abdomen? 

14- What is the name of the abdominopelvie region that is loeated in the midline area 
immediately inferior to the diaphragm muscle? 

15- Which abdominal quadrant eontains the majority of the stomaeh? 

16- The naval is loeated in vvhieh abdominopelvie region? 

17- The appendix is loeated in vvhieh abdominal quadrant? 

18- What is the name for the abdominopelvie region that is loeated left lateral to the 
hypogastrie region? 

19- What is the name for the abdominopelvie region that is loeated medial to the left lumbar 
region? 

20- Are the lungs loeated in an abdominopelvie region? 

Worked Solations 

1. left upper quaclrant (LUQ). Remember, the left side of the body is the patient’s ieft side, 
not yours. 

2. right lower quadrant (RLQ) 

3. RLQand LLQ 

4. RLQ 

5. RUQ 

6. right hypoehondriae. Remember that the right side of the body is the right side of the 
patient, not your right side. 

7. nmbilieal 

8. left lumbar 

9. lateral. If you start out in the umbilical area and move left lateral or right lateral, you will 
find the left and right lumbar region. 

10. left inguinal (iliae) 

11. The liver is loeated primarily to the right of the midline. 

12. Most of the stomaeh is loeated to the left of the midline. 

13. nmbilieal 
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14. epigastiie 

15. left upper quadrant 

16. umbilical 

17. left lower quadrant 

18. left ingninal (left iliae) 

19. nmbilieal 

20. No, the lungs are in the thoraeie eavity. 

Body Planes 

During surgeries or autopsies, the surgeon or examiner needs to cut into the body or cut into 
organs or tissues. In the follovving examples, you will find that it is no longer sufficient to say, 
“I am going to cut this pieee of tissue in half.” There are three different ways to cut a pieee of 
tissue. Keep in mind that the purpose of the language of anatomy is to develop preeise and 
speeifie explanations or deseriptions. 

Table 1 -4 lists the terms assoeiated with the body planes (or planes of disseetion) and a brief 
deseription of eaeh. 


Table 1 -4 Body Planes 

Body Plane Term 

Deseríption 

Sagittal 

This plane divides the body right and left. This term eneompasses both mid- 
sagittal and parasagittal. 

Midsagittal 

This plane divides the body in equal halves, right and left. 

Parasagittal 

This plane divides the body right and left but not equally. 

Transverse 

This plane divides the body superior and inferior. 

Frontal 

This plane divides the body anterior and posterior. 


Example Problems 

Use one of the body plane terms to answer the following questions. 

1. If a surgeon were to make a cut that extends from the medial side of your patella region to 

the lateral side of the patella region, it would be a_cut. 

answer: transverse. In this situation, the cut is separating superior from inferior. 

2. If you were to make a cut that separates the faee from the oeeipital region, it would be a 

cut. 


answer: frontal. In this situation, the cut is separating anterior from posterior. 
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3. If you were to make a cut that extends from the knuckle region of your hand to the earpal 

region, it would be a_cut. 

answer: sagittal. If it were exactly in the middle, it would be midsagittal; if it were 
unequal, it would be parasagittal. 

4. If you were to make a cut that extends from the eenter of the frons, goes between the 

eyes, and ends at the tip of your nose, it would be a_cut. 

answer: sagittal (midsagittal). In this situation, the cut is separating the left from the right. 

5. If a surgeon were to make a cut that extends from the left lumbar region to the right 

lumbar region, it would be a_cut. 

answer: transverse. In this situation, the cut is separating superior from inferior. 


Work Problems 

Fill in the following blanks with one of the three disseetional cuts previously discussed (sagittal, 
transverse, and frontal). 


1. If a surgeon were to remove the lower leg from a patient’s body, the cut that would be 

made would be a_cut. 

2. If a surgeon were to make an ineision that extends from the hip to the eenter of the knee, 

the ineision would be a_cut. 

3. If you were to cut your finger lengthwise through the fingernail, you would be making a 
_cut. 

4. If you were to make a cut from the frons area that extended inferior through the right eye, 

it would be a_cut. 

5. The gluteal eleft is a_erease in referenee to the 

entire gluteal region. 

6 . If you were to make a cut that extends from the left hip region and goes aeross to the 

right hip region, it would be a_cut. 

7. If a surgeon were to make a cut parallel to the diaphragm muscle, it would be a 
_cut. 

8 . If you had to have a finger amputated, the surgeon would typieally make a 
_cut. 

9. If you were to cut your hand and the cut extended from the medial side of the palm to the 

thumb, it would be a_cut. 

10. The heart is loeated in which of the abdominopelvie regions? 
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Worked Solutions 

1. This type of cut woulcl be transverse. By removing the lovver leg, the surgeon is 
separating the inferior from the snperior. 

2. This type of cut wouici be a sagittai cut. If it were exactly in the middle, it would be 
midsagittal. If it were not in the exact middle, it would be parasagittal. 

3. This type of cut wouici be sagittai. If it were exactly in the middle, it would be 
midsagittal; if it were not in the exact middle, it would be parasagittal. 

4. This type of cut wouici be sagittai. Because this cut goes through the right eye, it is not in 
the eenter of the body. VVhile it is separating the right from the left, it would be eonsidered 
sagittal. However, because it is not in the eenter of the body, it would be more accurately 
deseribed as parasagittal. 

5. The giuteai eieft is a sagittai stnieftire. Because it is the middle of the gluteal region, it 
ean be eonsidered midsagittal. 

6. This type of cut wouici be transverse. By making an ineision in this manner, the inferior is 
separated from the superior. 

7. This type of cut wouici be transverse. The diaphragm muscle is loeated inferior to the 
lungs and superior to the liver and extends from one side of the body to the other side. 

8. This type of cut wouici be transverse. 

9. This type of cut wouici be transverse. In this situation, the cut is separating superior from 
inferior. 

10. The heart isn’t ioeateei in an abeiominopeivie region. The heart is loeated in the thoraeie 
area (superior to the diaphragm muscle). 


Homeostasis 

A major physiologieal theme for physiology courses is understanding the eoneept of homeostasis. 
Homeostasis is the eondition vvhere the body is healthy. There are many meehanisms in the body 
that are at work all the time to help the body maintain homeostasis. If those meehanisms fail, the 
body will be out of homeostasis and the individual will need to seek medieal attention from a 
doetor. The doetor then worl<s to get the body baek into homeostasis. 

There are two major meehanisms. One meehanism is at work 24 hours a day, 7 days a week. The 
other meehanism is at work only under speeifie circumstances. Those meehanisms are ealled the 

negative feedbaek meehanism and positive feedbaek meehanism, respeetiveiy. 

Negative Feedbaek Meehanism 

The negative feedbaek meehanism works eveiy minute of the day to help us maintain homeostasis. 
The negative feedbaek meehanism works on a fluctuation prineiple. For example, when our body 
temperature begins to rise, there are meehanisms in plaee that begin to bring the temperature 
baek down to a normal level. If our body temperature begins to fall, the meehanisms begin to bring 
the temperature baek up to a normal level. 
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It is very important that the level of calcium ions in our blood is normal. VVhenever the calcium 
ions begin to fall, there are meehanisms in plaee that begin to bring the calcium ions baek up to 
their normal level. 


Positive Feedbaek Meehanism 

The positive feedbaek meehanism vvorks only under eertain eonditions. The positive feedbaek 
meehanism does not exhibit any kind of fluctuation. For exampie; if a person has a baeteriai 
infeetion, their body temperature begins to eiimb. Many speeies of baeteria wiii die when ex- 
posed to high temperatures. If the body senses that not all the baeteria are dead, it will cause 
the temperature to rise some more. If it still senses that all the baeteria are not dead, it will 
cause the temperature to rise onee again. Pretty soon, the temperature is up to 103°F. This of 
course is a fever. Notiee in this example, the temperature did not fluctuate. It continued in one 
direetion until it aeeomplished its goal: to kill baeteria. 


Example Problems 

Identify the type of meehanism being deseribed. 

1. VVhen the blood begins to elot, the ehemieal reaetions involved in the proeess will 
continue until the elot is eompleted. 

ansvver: positive feedbaek. The blood must continue the elotting proeess until the elot is 
eompletely formed. 

2. The level of insulin will rise under eertain eonditions but will soon drop to normal levels in 
the presenee of another hormone ealled glucagon. This proeess typieally occurs 
throughout the day. 

answer: negative feedbaek. Because the level of insulin rises and then falls (fluctuates) all 
day long, it is ealled a negative feedbaek meehanism. 

3. Blood vessels will automatically dilate in an effort to release body heat and they will 
eonstriet in an effort to retain body heat. This is done to try to maintain the eorreet body 
temperature. 

answer: negative feedbaek. Because the blood vessels dilate and eonstriet, they are ehanging 
size in a fluctuating manner. A fluctuating system is due to negative feedbaek meehanisms. 

4. Onee in awhile, there is a ehemieal reaetion that produces a product that will enhanee the 
ehemieal reaetion even more and therefore producing even more of the product. 

answer: positive feedbaek. Because one product causes the original substance to reaet 
even more, the system is not fluctuating. Because the system is not fluctuating, a positive 
feedbaek meehanism is at work. 

5. The temperature of your house eools down, which triggers the heat meehanism to warm 
up the house. As soon as the house gets too warm, the heater shuts off to ultimately eool 
the house down. This proeess repeats. 

answer: negative feedbaek. The temperature of the house fluctuates. It is regulated by a 
negative feedbaek meehanism. 
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ehapter Problems and Solutions 

Problems 

For problems 1-10, use superfìcial body terms. 

1. Identify the superficial term that refers to the upper arm. 

2. VVhen most people speak about the elbovv, they are typieally referring to the posterior 
side. Identify the superficial term that refers to the elbovv. 

3. Identify the superficial term that refers to the area that is posterior to the patella. 

4. The vvrist area is ealled the and the ankle area is ealled the 


5. The ears are ealled the_. 

6 . The anterior lovver leg is ealled the_and the posterior lovver 

leg is ealled the_. 

7. The superficial area that is posterior to the frons is the_. 

8 . The area immediately inferior to the oris is the_. 

9. The area superior to the diaphragm muscle (also superior to the abdominal area) is the 


10. The upper baek is ealled the 
the 


and the lovver baek is ealled 


For problems 11-20, use direetional terminology. 


11. The thumbs are 


structures. 


12. The palms of the hands faee 
position. 


aeeording to the anatomieal 


13. The left side of the right leg is 


to the right side of the right leg. 


14. The popliteal is a (an) 


structure. 


15. The antecubital is a (an) 


structure. 


16. The ears are a (an) 


structure. 


17. The naval is loeated on the 


side of the body. 


18. The bulgy part of the elbovv (cubital) is loeated on the 


of the arm. 


19. The first finger (digit number 2) is loeated 


to the thumb. 


20 . The hallux is loeated 


to the little toe. 
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For questions 21-25, use quadrant terms and/or abdominopelvie terms. 

21. The majority of the iiver is ioeated in the_quadrant but more 

speeifieaiiy in the_region. 

22. The fundus of the stomaeh is ioeated in the_quadrant but more 

speeifieaiiy in the_region. 



The urinaiy biadder is ioeated on the border of the_ 

_quadrant but more speeifieaiiy in the 


region. 


and 


24. The navai is ioeated right at the junction of aii four quadrants but more speeifieaiiy in the 
_region. 

25. Parts of the smaii intestine ean be found in aii of the quadrants but most of it is found 

speeifieaiiy in the_region. 


For questions 26-30, use body piane terminoiogy. 

26. If you were to make a cut that extended from the cubital region to the posterior earpal 

region, you wouId be making a_cut. 

27. If you were to make a cut that extended from the popliteal region to the patellar region, 

you wouId be making a_cut. 

28. If you were to make a cut that extended the length of the finger but yet left the fingernail 

intaet, you wouId be making a_cut. 

29. If you were to make a cut that extended from the naval to the mentis, you wouId be 

making a_cut. 

30. If you were to make a cut that extended from the popliteal to the calcaneus, you wouId 

be making a_cut. 


Ansvvers and Solutions 

1. brachium. This term refers to the upper arm. 

2. cubital (oieeranon). This term refers to the eIbow region. 

3. popiiteai. This term refers to the posterior side of the knee. 

4. earpai; tarsai 

5. otie. This term refers to the ear region. 

6. crus (crurai); sura (surai). The anterior Iower leg is the crus while the posterior Iower leg 
is the sura. 

7. oeeipitai. This term refers to the baek of the head. 

8. mentis. This term refers to the ehin area. 
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9. thoraeie. This term refers to the ehest area. 

10. eostal; lumbar. The upper baek is the eostai region (sometimes ealied the dorsai region) 
and the lovver baek is the iumbar region. 

11. lateral. In the anatomieal position, the thumbs are farthest from the midline of the body. 

12. anterior. In the anatomieal position, the palms are faeing forvvard. 

13. medial. The left side of the right leg is medial. In layman’s terms it is the inside of the 
right leg. Anatomists only use the term inside vvhen they are literally looking “inside” 
the body. 

14. posterior. The popliteal is on the “baek side” of the knee. 

15. anterior. The antecubital is on the “front side” of the arm. 

16. lateral. The ears are on the “side” of the head, avvay from the midline. 

17. anterior. The naval is the “belly button” and is on the “front side” of the body. 

18. posterior. The cubital is the elbovv region and is on the “baek side” of the arm. 

19. medial. In the anatomieal position, if you move from the thumb to the first finger (digit 2) 
you have to move medial (eloser to the midline of the body). 

20. medial. The hallux is the big toe and the big toe is eloser to the midline of the body than 
the little toe. 

21. RUQ; rig^it hypoehondriae. Most of the liver is on the right side of the abdomen. 

22. LUQ; left hypoehondriae. The fundus is the rounded part of the stomaeh and is loeated 
mainly on the left side of the abdomen. 

23. LLQand RLQ; hypogastrie. The urinaiy bladder is loeated betvveen the inguinal regions. 

24. umbilical. The naval is the “belly button” and is loeated in the eenter of the abdomen. 

25. umbilical. If you put your hand on your naval, your hand vvould be resting on most of the 
small intestine. 

26. sagittal. If it vvere exactly in the middle, it vvould be midsagittal; if it vvere unequal, it 
vvould be parasagittal. 

27. transverse. You are separating the superior from the inferior. 

28. ftontal. You are separating the anterior from the posterior. 

29. midsagittal. You are separating the right from the left. 

30. sagittal. If it vvere exactly in the middle, it vvould be midsagittal; if it vvere unequal, it 
vvould be parasagittal. 
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Supplemental Ghapter Problems 

Problems 

1. Which direetional term is used when we are moving from the enbital region to the 
shoulder area? 

2. Which direetional term is used when we are moving from the left side of the right arm to 
the right side of the right arm? 

3- Which two direetional terms are used when we are moving from the umbilical region to 
the left inguinal region? 

4- Which direetional term is used when we are moving from the top of the ear to the ear lobe? 

5. Which direetional term is used when we are moving from the RUQto the LLQ? 

6. Identify an organ that is loeated in the right hypoehondriae region. 

7. Identify an organ that is loeated in the left hypoehondriae region. 

8 - Identify an organ that is loeated in the hypogastrie region. 

9- Which quadrant is the appendix loeated in? 

10. The thymus gland is loeated slightly superior to the heart. It is loeated in which 
abdominopelvie region? 

11. If a surgeon were to make an ineision that parallels the diaphragm muscle, he/she would 

be making a_cut. 

12. If you were to make a cut that extended from the eostal region to the lumbar region that 

equally divided the portions, you would be making a_cut. 

13. The following is a picture of a heart. Ifyou were to make an ineision along line A, you 

would be making a_cut. 
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14. If you were to make an indsion along line B in the heart picture in number 13, you wouId 

be making a_cut. 

15. Examine the heart picture in number 13. Explain why we have to use the body plane 
terminology when deseribing various cuts on organs or tissues such as the heart. VVhy 
ean’t we simply say, “We are going to cut the heart in half?” 


Ansvvers 

1. superior 

2 . lateral 

3. inferior and left lateral or left lateral and then inferior 

4. inferior 

5. inferior and left lateral or left lateral and then inferior 

6 . liver 

7. stomaeh and/or spleen 

8 . urinary bladder 

9. RLQ 

10. The thymus gland is in the thoraeie region, not in the abdominopelvie regions. 

11. transverse 

12. midsagittal 

13. midsagittal 

14. transverse 

15. Based on the diagram of the heart, there are two ways to cut the heart in half. You ean 
have it equally divided from left and right (midsagittal) and you ean also have it equally 
divided superior from inferior (transverse). You ean also have it equally divided anterior 
from posterior (frontal), but this view isn’t shown. 



The ehemístry of Anatomy 
and Physíology 

T hrough the study of anatomy and physiology, the subject of ehemistry eomes up quite often. 
Ghemieai reaetions are neeessaiy for the building of bone material, muscle eontraetion, devel- 
oping immunity to ehieken pox, simple breathing, and so on. This ehapter helps you to revievv 
some ehemistiy eoneepts, ranging from the basie atom to complex proteins. 


Atoms 

The atom eonsists of a nucleus (not to be eonfijsed with the nucleus of a eell, which is discussed 
in ehapter 3) and orbits. The atom is made of three subatomic partieles. They are the proton, 
eleetron, and nentron. 

Table 2-1 lists some faets eoneerning the three subatomic partieles. 


Table 2-1 Atom Faets 

Subatomic Partiele 

General Faets 

Proton 

The number of protons an atom has gives it its identity. 


The proton number never ehanges. 


The number of protons plus the number of neutrons gives the atom its 
mass value (atomie mass unit or AMD). 


Protons have a positive eharge. 

Neutron 

The number of neutrons ean ehange. 


When this number ehanges, the atom beeomes an isotope. 


Many times, these isotopes are radioaetive. 


Llse this equation to determine the number of neutrons an atom has: 

AML) - proton number = neutron number 


Neutrons do not have a eharge. 

Eleetrons 

Eleetrons orbit around the nucleus. 


A neutral atom has the same number of eleetrons as it has protons. 


Eleetrons have a negative eharge. 
























CliffsStudySolver Anatomy & Physiology 


The Periodie Table 

To make your understanding of ehemistry easier, it is best to develop an understanding of how 
to use the Periodie Table (see Figure 2-1). Knowing how to read the Periodie Table will provide 
numerous avenues to the understanding of ehemistry. The Periodie Table was designed in such 
a manner so that the atoms in the first column have some eommon eharaeteristies and the atoms 
in the seeond column also have some things in eommon but yet are different than the atoms in 
column one. 

For example, all the atoms in the same column as hydrogen (F4) will develop a positive one 
eharge when they beeome ions. Onee they beeome ions they will be written in this manner; 

Na^^, and so on. All the atoms in the same column as beiyllium (Be) will develop a positive two 
eharge when they beeome ions. Onee they beeome ions they will be written in this manner; 

Be Ca and so on. All the atoms in the same column as boron (B) will develop a positive 
three eharge. The atoms in the column with nitrogen (N) will develop a negative three eharge, 
the column with oxygen (O) will develop a negative two eharge, and the column with fluorine 
(F) will develop a negative one eharge. 

The transition elements (Se through Zn) don’t seem to have a niee pattern, and those in the very 
last column with helium (He) do not beeome ions. Keep in mind that there are exceptions. 


1 

H 

Hydrogea 

1.00797 

PERIODIOTABLE OFTHE ELEMENTS 









2 

He 

Hdium 

4.0026 

3 

Lì 

Ulhíum 

6.939 

4 

Be 

Beryrmm 

9.0122 











5 

B 

Boroa 

10.811 

6 

e 

Cattxxi 

12.01115 

7 

N 

NílTogen 

14.0067 

8 

0 

O^ygen 

15.9994 

9 

F 

Flourine 

18.9964 

10 

Ne 

Neon 

20.183 

11 

Na 

Sodìum 

22.9898 

12 

Mg 

Magneslum 

24.312 











13 

Al 

AlurTìirìum 

26.9815 

14 

Si 

SFieon 

28.086 

15 

P 

Phosphonjs 

30.9738 

16 

S 

SuHíjr 

32.064 

17 

Cl 

ehloilne 

35.453 

18 

Ar 

Argon 

39.948 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

K 

Ca 

Se 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 

Rotassíum 

Ca)cìum 

Scandium 

Titanium 

V^nedium 

Chromlum 

Manganese 

Iron 

ee^natt 

NíeKel 

Oopper 

Zine 

Oaiíiim 

GeirnarAJm 

Aiaeníe 

8elenìum 

Brorníne 

Krypton 

39.102 

40.08 

44.956 

47.90 

50,942 

51.996 

64.9380 

65.847 

56.9332 

58.71 

63.546 

65.37 

69.72 

72.59 

74.9216 

78.96 

79.904 

83.80 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

Tc 

Ru 

Rh 

Pd 

Ag 

Cd 

In 

Sn 

Sb 

Te 


Xe 

Rubldium 

Stronlim 

Ytlrium 

Ziro:inium 

Nioblum 

Me^betenjn 

Technetium 

Ruthenìum 

Rhodium 

PaUadium 

Sitver 

Cadmlum 

Indiom 

Tn 

Antjmony 

Teiluríum 

loeíne 

Xenon 

85.47 

87.62 

88.905 

91.22 

92.906 

95.&4 

(99) 

101.07 

102.905 

106.4 

107.868 

112.40 

114.82 

118.69 

121.76 

127.60 

126.9044 

131.30 

55 

56 

57 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

Cs 

Ba 

La 

Hí 

Ta 

W 

Re 

Os 

Ir 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Po 

At 

Rn 

Cesium 

Banum 

Lanthanijm 

Hafnium 

Tanialum 

TlJngsten 

Rhenlum 

Oamium 

iricSunì 

Platinum 

Ood 

Mereijjy 

TTìallíum 

Lead 

BismiJth 

Polonlum 

Astatine 

Radon 

132.905 

137,34 

138.91 

179.49 

180.948 

183.85 

186.2 

190.2 

192.2 

195.09 

196.967 

200.59 

204.37 

207.19 

206,980 

(210) 

(210) 

(222) 

87 

88 

89 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

Fr 

Ra 

Ae 

Rf 

Db 

Sa 

Bh 

Hs 

Mt 

Uun 

Uuu 

Uub 

Uut 

Uuq 

Uup 

Uuh 

Uus 

Uuo 

Frandum 

(223) 

Radíam 

(226) 

Ac&ìtum 

(227) 

Ruiherfo(díuni 

(261) 

Dubnlum 

(262) 

MÌ 

Bohrlum 

(264) 

Hassìum 

(269) 

Meltner1um 

(268) 

Dmjrmillijn 

(269) 

Urujnunium 

(272) 

Ununbíum 

(277) 

§ 

jnuiquacfcrr 

(285) 

§ 

Ununhes<ìum 

(289) 

§ 

Ununoctium 

(293) 


Lanthanide Series 

Aetinide Series 


58 

Ce 

CenUTi 

140.12 

59 

Pr 

Piaseedyrràfn 

140.907 

60 

Nd 

NeodyTtm 

144.24 

61 

Pm 

Promethlurr 

(146) 

62 

Sm 

Samajiom 

160,35 

63 

Eu 

Europ»um 

151.96 

64 

Gd 

GadolinKjm 

157.25 

65 

Tb 

Terblum 

158.924 

66 

Dy 

)ys[Mt©lum 

162.50 

67 

Ho 

HolmKjm 

164.930 

68 

Er 

Erbium 

167,26 

69 

Tm 

Thium 

168.934 

70 

Yb 

Y1tert)ium 

173.04 

71 

Lu 

Lutetíum 

174,97 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

Th 

Pa 

U 

Np 

Pu 

Am 

Cm 

Bk 

Cf 

Es 

Fm 

Md 

No 

Lr 

Thonum 

Prota±num 

Ujaníum 

NepturAjm 

Plutonium 

ArTìeric]um 

Cur1unv 

6etKellum 

Oalìfom]um 

Snst^nium 

Fermlym 

MervJeleÁfn 

Nobelíum 


232.038 

(231) 

238.03 

(237) 

(242) 

(243) 

(247) 

(247) 

(251) 

(254) 

(257) 

(258) 

(259) 

(260) 


§ Note: Elements 113, 115, and 117 are not known atthistime, 
but are included in the table to show their expected positions. 


Figure 2-1: The PeriodieTable. 
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Example Problems 

1 . VVhieh subatomic partieie is found in the orbitai rings of an atom? 
answer: eleetrons 

2. The eleetrons assoeiated with an atom are orbiting around the_. 

answer: nucieus 

3. VVhen caicium beeomes an ion, how wouid it be written? 

answer: Ca^^. Because caicium is found in the seeond column on the Periodie Table, it 
therefore develops a 2+ eharge. 

4. How many neutrons does strontium have? 

answer: 50 neutrons. The AMU value for Sr is 88. It has 38 protons. 88 - 38 = 50. 

5. How many protons does oxygen have? 

answer: 8. The number 8 on the Periodie Table assoeiated with oxygen is the number of 
protons oxygen has. 

lons 

lons are atoms that have either gained or lost eleetrons. VVhen they gain or lose eleetrons, they 
develop a eharge. VVhen they gain eleetrons, they develop a negative eharge. VVhen they lose 
eleetrons, they develop a positive eharge. VVhen atoms beeome ions, they ean beeome quite re- 
aetive. VVhen they are reaetive, they bond together, thus ereating new substances. To under- 
stand how the ions bond together, refer to the Periodie Table. Examine the following examples. 

£xample 1: Bond calcium ions to phosphorus ions. 

1 . Calcium ions are written as Ca^^. 

2. Phosphorus ions are written as P^“. 

3. VVrite the ions in this manner: Ca^"^P^. 

4. Take the 3 (from 3-) and write it next to Ca in the lower right region (eas). 

5. Take the 2 (from 2+) and write it next to P in the lower right region (P^). 

6 . The product will now look like this: easPz. 

£xample 2: Bond sodium ions to oxygen ions. 

1. Sodium ions are written as Na'^. 

2. Oxygen ions are written as O^". 

3. VVrite the ions in this manner: Na'^O^". 

4. Take the 2 (from 2-) and write it next to Na in the lower right region (Na^). 

5. Take the 1 (from 1 +) and write it next to O in the lower right region (Oi). 

6. The product will now look like this: NazO, or it ean also be written as Na^O. 
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Example Pmblems 

1- Bond lithium ions to sulfur ions. 
answer: LÌ 2 S 1 or Li^S 

When lithium beeomes an ion, it will develop a eharge of 1 + (it is loeated in the first 
column on the periodie ehart). When sulfur beeomes an ion, it will develop a eharge of 

2- (it is loeated in the column under oxygen). 

Begin by writing the product as: Li^^S^”. 

Plaee the 2 (from sulfur) in the subscript form with Li (Li^). 

Plaee the 1 (from lithium) in the subscript form with S (Si). 

2. Bond magnesium ions to bromine ions. 

answer: MgiBr^ or MgBr^ 

When magnesium beeomes an ion, it will develop a eharge of 2+ (it is loeated in the 
seeond column on the periodie ehart). When bromine beeomes an ion, it will develop a 
eharge of 1- (it is loeated in the column under fluorine). 

Begin by writing the product as: Mg^^Br^”. 

Plaee the 1 (from bromine) in the subscript form with Mg (Mgi). 

Plaee the 2 (from magnesium) in the subscript form with Br (Br^). 

3- Bond potassium ions to ehlorine ions. 
answer: Kidi or KC1 

When potassium beeomes an ion, it will develop a eharge of 1 + (it is loeated in the first 
column on the periodie ehart). When ehlorine beeomes an ion, it will develop a eharge of 
1- (it is loeated in the column under fluorine). 

Begin by writing the product as: K^X1^”. 

Plaee the 1 (from ehlorine) in the subscript form with K (K^). 

Plaee the 1 (from potassium) in the subscript form with C1 (Cli). 

4- Bond aluminum ions to ehlorine ions. 
answer: Alids or Alds 

When aluminum beeomes an ion, it will develop a eharge of 3+ (it is loeated in the third 
major column on the periodie ehart). When ehlorine beeomes an ion, it will develop a 
eharge of 1- (it is loeated in the column under fluorine). 
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Begin by vvriting the prodnet as: Ai^Xi'". 

Piaee the 1 (from ehiorine) in the snbseript form with Ai (Al,). 

Piaee the 3 (from aiuminum) in the subscript form with Ci (ei^). 

5. Bond a)uminum ions to su)fur ions. 
ansvver: Ai^S^ 

VVhen a)uminum beeomes an ion, it wi)) deveiop a eharge of 3+ (it is ioeated in the third 
major co)umn on the periodie ehart). VVhen su)fur beeomes an ion, it wi)) deveiop a eharge 
of 2 - (it is ioeated in the co)umn under oxygen). 

Begin by writing the product as: Ai^^S^^. 

Piaee the 2 (from su)fur) in the subscript form with A) (Ai^). 

Piaee the 3 (from a)uminum) in the subscript form with S (S3). 

Polyatomie lons 

The ions previous)y studied are single ions. They are single atoms with a singie eharge. There is 
another group of ions eaiied polyatomie ions. Poiyatomie ions are severa) atoms having a singie 
eharge. Examples of polyatomie ions are: 

□ Ammonium ion 

□ 0H'“ Hydroxide ion 

□ HeOs'” Biearbonate ion 

□ eOs^” earbonate ion 

□ PO/“ Phosphate ion 

Polyatomie ions ean be bonded to other polyatomie ions or single ions just as two single ions 
ean bond together. 

Example 1: Bond ammonium ions to phosphorus ions. 

1. Ammonium ions are written as NH^'^. 

2. Phosphorus ions are written as P^“. 

3. VVrite the ions in this manner: NH^'^^P^. 

4. Take the 3 (from 3-) and write it next to NH 4 in the lower right region [(NH^jsj. 

5. Take the 1 (from 1 +) and write it next to P in the lower right region (P,). 

6 . The product will now look like this: (NH^^sP, or (NH^^bP. 

It is important to remember to put parenthesis around the polyatomie ion because the 
equation indieates that you need 3 ammonium ions and eaeh ammonium ion is written 
as NH4. 

Example 2: Bond aluminum ions to earbonate ions. 

1 . Aluminum ions are written as Al^^. 

2 . earbonate ions are written as eOs^”. 
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3. VVrite the ions in this manner: aPX 03 ^”. 

4. Take the 2 (from 2-) and vvrite it next to A1 in the lovver right region AI 2 . 

5. Take the 3 (from 3+) and vvrite it next to GOs in the lovver right region [(eOs)^]. 

6 . The product vvill novv look like this: Al^^eOs)^. 

It is important to remember to put parenthesis around the polyatomie ion because the 
equation indieates that you need 3 earbonate ions and eaeh earbonate ion is vvritten as GO^. 


Example Pmblems 

1. Bond lithium ions to earbonate ions. 
ansvver: Liz^GOs)! or LizGOs 

VVhen lithium beeomes an ion, it vvill develop a eharge of 1 + (it is loeated in the first 
column on the periodie ehart). The earbonate ion has a eharge of 2-. 

Begin by vvriting the product as: Li'^^eOa^”. 

Plaee the 2 (from the earbonate ion) in the subscript form vvith Li (Li^). 

Plaee the 1 (from the lithium ion) in the subscript form vvith GOs [(GOb),]. 

2. Bond magnesium ions to biearbonate ions. 
answer: Mgi^HeOs)^ or Mg^HeOs)^ 

VVhen magnesium beeomes an ion, it vvill develop a eharge of 2+ (it is loeated in the 
seeond major column on the periodie ehart). The biearbonate ion has a eharge of 1-. 

Begin by vvriting the product as: Mg^^^HeOs'”. 

Plaee the 1 (from the biearbonate ion) in the subscript form vvith Mg (Mg,). 

Plaee the 2 (from magnesium) in the subscript form vvith HGOs [(HeOs)^]. 

3. Bond potassium ions to phosphate ions. 
answer: Ks^PO^), or K3PO4 

VVhen potassium beeomes an ion, it vvill develop a eharge of 1 + (it is loeated in the first 
column on the periodie ehart). The phosphate ion has a eharge of 3-. 

Begin by vvriting the product as: K'^PO^^”. 

Plaee the 3 (from the phosphate ion) in the subscript form vvith K (K3). 

Plaee the 1 (from potassium) in the subscript form vvith PO4 [(PO4),]. 

4. Bond ammonium ions to oxygen ions. 


answer: (NH^^^O 
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The ammonium ion has a eharge of 1 + . VVhen oxygen beeomes an ion, it will develop a 
eharge of 2 - (elements in the column with oxygen develop a 2 - eharge). 

Begin by writing the product as: 

Plaee the 2 (from oxygen) in the subscript form with NH 4 [(NH^)^]. 

Plaee the 1 (from the ammonium ion) in the subscript form with O (O,). 

5. Bond ammonium ions to earbonate ions. 
answer: (NH^^^eOs 

The ammonium ion has a eharge of 1 + . The earbonate ion has a eharge of 2-. 

Begin by writing the product as: NH^'^Os^”. 

Plaee the 2 (from the earbonate ion) in the subscript form with NH 4 [(NH^)^]. 

Plaee the 1 (from the ammonium ion) in the subscript form with eo^ [(eOs)^]. 

Isotopes 

Atoms having the same number of protons but a different number of neutrons are eonsidered 
to be isotopes of eaeh other. To determine the number of neutrons an atom has, perform the 
follovving mathematies: 

Atomie mass unit of the atom minus the number of protons equals the number of neutrons. 

The signifieanee of having this Imovvledge is the faet that many times when an atom has an altered 
number of neutrons, it beeomes radioaetive. When this happens, it is ealled a radioaetive isotope. 
Radioaetive isotopes ean be used in the field of medieine. 

The following are examples regarding how to calculate neutron numbers. 

Example 1: Calculate the number of neutrons sodium (Na) has. 

1. Look at the Periodie Table to determine the atomie mass unit for sodium (23). 

2. Look at the Periodie Table to determine the number of protons sodium has (11). 

3. Determine the number of neutrons by using this equation: 

AMU - proton number = neutron number (23 - 11 = 12). 

4. Sodium has 12 neutrons. 

Example 2: Calculate the number of neutrons phosphorus (P) has. 

1. Look at the Periodie Table to determine the atomie mass unit for phosphorus (31). 

2. Look at the Periodie Table to determine the number of protons phosphorus has (15). 

3. Determine the number of neutrons by using this equation: 

AMU — proton number = neutron number (31 — 15 = 16). 

4. Phosphorus has 16 neutrons. 
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Example Pmblems 

Calculate the number of neutrons the follovving atoms have. 

1. Lithium atom (Li) 

ansvver: 4 neutrons. Aeeording to the Periodie Tabie, lithium has an AMLI of 7. It has 
3 protons. 7-3 = 4 

2. Calcium atom (Ca) 

answer: 20 neutrons. Aeeording to the Periodie Table, calcium has an AMLI of40. It has 
20 protons. 40 - 20 = 20 

3. Hydrogen atom (H) 

answer: 0 neutrons. Aeeording to the Periodie Table, hydrogen has an AMLI of 1. It has 
1 proton. 1-1=0 

4. Phosphorus atom (P) 

answer: 16 neutrons. Aeeording to the Periodie Table, phosphorus has an AMLI of 31. 

It has 15 protons. 31 - 15 = 16. 

5. Potassium atom (K) 

answer: 20 neutrons. Aeeording to the Periodie Table, potassium has an AMLI of 39. 

It has 19 protons. 39- 19 = 20. 

Radioaetive Isotopes 

When you know the number of neutrons an atom has, you ean ehange that number and make 
the atom beeome a radioaetive isotope. Notiee that whenever the neutron number ehanges, the 
atomie mass unit automatically ehanges as well (remember, the proton number never ehanges). 

In order to designate which isotope is being discussed, ehemists write the isotopes in this manner: 
^^Na and ^"^Na. The superscript numbers represent the atomie mass unit value for the atom. ^^Na 
(read as sodium 23) has an atomie mass unit of 23 and has 12 neutrons and 11 protons. Sodium 
24 has an atomie mass unit of 24 and has 13 neutrons and 11 protons. 


Example Pmblems 

For the follovving problems, calculate the number of neutrons eaeh isotope has and indieate their 
vvritten designation. 

1. Potassium 39 

answer: 20 neutrons, Aeeording to this problem, this isotope of potassium has an 
AMLI of 39. Potassium has 19 protons. 39- 19 = 20. 

2. Potassium41 

answer: 22 neutrons, '‘'K. Aeeording to this problem, this isotope of potassium has an 
AMLI of41. Potassium has 19 protons. 41 - 19 = 22. 
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3. Technetium 98 

answer: 55 neutrons, ®®Tc. Aeeording to this probiem, this isotope of technetium has an 
AMU of 98. Technetium has 43 protons. 98-43 = 55. 

4. Technetium 99 

answer: 56 neutrons, ®^c. Aeeording to this problem, this isotope of technetium has an 
AMU of 99. Technetium has 43 protons. 99-43 = 56. 

5. Garbon 12 

answer: 6 neutrons, '^C. Aeeording to this problem, this isotope of earbon has an AMU of 
12. Carbon has 6 protons. 12-6 = 6. 

6 . Carbon 14 

answer: 8 neutrons, ''*C. Aeeording to this problem, this isotope of earbon has an AMU of 
14. Carbon has 6 protons. 14-6 = 8. 


Work Problems 

Use the Periodie Table to ansvver Questions 1 throngh 4. 

1. How many protons does sodium have? 

2. How many eleetrons does neutral sodium have? 

3- How many neutrons does magnesium 24 have? 

4- How many neutrons does magnesium 21 have? 

Bond the following ions and polyatomie ions together in Questions 5 through 8. 
5. Lithium ion + Oxygen ion: 

6- Calcium ion + Phosphorus ion: 

7- Ammonium ion + Sulfur ion: 

8 - Calcium ion + Phosphate ion: 

For Questions 9 and 10, indieate how to write the isotope. 

9- Sodium with an AMU of 25. 

10. Potassium with an AMU of 42. 


Worked Solotions 

1. Aeeording to the Periodie Tabie, Na (sodinm) has 11 protons. 

2. Sodinm has the same nnmber of eieetrons as protons when it is nentrai (no overaii 
eharge). It, therefore, has 11 eleetrons. 
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3. Magnesium 24 has 12 neutrons. Magnesium (Mg) has an AMU of 24 and has 12 protons. 
24-12= 12. It is only eoinddental that it has the same number of neutrons as protons. 

4. Magnesinm 21 is an isotope that has an AMU of 21. Because it is magnesium, it still 
has 12 protons. Therefore, 21-12 = 9. Magnesium 21 has only 9 neutrons. 

5. Aeeoreiing to the Perioeiie Tabie, Li wouici eieveiop a eharge of 1+. It is in the first 
coIumn. Oxygen is in the column that develops a 2- eharge. The result would be: LiiOi 
or LizO. 

6. Aeeoreiing to the Perioeiie Tabie, Ca wouici eieveiop a eharge of 2+. It is in the seeond 
column. Phosphorus is in the column under nitrogen and therefore would develop a 3- 
eharge. The result would be: easPz. 

7. The ammonium ion has a eharge of 1+. Aeeording to the Periodie Table, when sulfur 
beeomes an ion, it will develop a eharge of 2-. The result would be (NH^lzS. Parentheses 
have to be around the ammonium ion because we need to have two of them. 

8. Aeeoreiing to the Perioeiie Tabie, Ca wouici eieveiop a eharge of 2+. The phosphate ion 
has a eharge of 3-. The result would be eas^PO^lz. Parentheses have to be around the 
phosphate ion because we need to have two of them. 

9. ^*Na. The AMLI value is written in the superscript left side of the symbol. Notiee, the AMLI 
of sodium, on the Periodie Table, is 23. Sodium 25 is an isotope. 

10. '‘^K. The AMLI value is written in the superscript left side of the symbol. Notiee, the AMLI 

of potassium, on the Periodie Table, is 39. Potassium 42 is an isotope. 


Organie Molecules 

There are two major elasses of molecules in the human body. One is ealled inorganie molecules. 
Inorganie molecules were discussed in the preeeding seetion. This seetion discusses organie 
molecules. Organie molecules are molecules that typieally eonsist of earbon atoms. These mole- 
cules are larger than inorganie molecules. There are four major elasses of organie molecules: 
earbohydrates, lipids, proteins, and nucleic aeids. 

The atoms assoeiated with organie molecules are bonded together by eovalent bonds. Covaient 
boneis are typieally represented by dashed lines. Eaeh dashed line represents a single bond. 
Most organie molecules eonsist of earbon, hydrogen, oxygen, and nitrogen. Table 2-2 lists some 
eommon faets about eovalent bonds. 



Table 2-2 Covalent Bonds 
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the vvritten molecule is eorreet. In order for the moleenle to be stable, it must have the eorreet 
number of bonds. Look at the follovving examples; 

H-O-H 

1. Eaeh hydrogen has one bond assoeiated vvith it. 

2. The oxygen has tvvo bonds assoeiated vvith it. 

o = c =o 

3. Eaeh oxygen has tvvo bonds assoeiated vvith it. 

4. The earbon has four bonds assoeiated vvith it. 


Example Problems 

Put the eorreet number of bonds betvveen the atoms in the follovving organie molecules. 

1. N N 

answer: N N Eaeh nitrogen has to have 3 bonds attaehed to it. This is ealled a triple 
bond. 

2. O O 

answer: O O Eaeh oxygen has to have 2 bonds attaehed to it. This is ealled a double 
bond. 

3. H e O H 

O 

answer: h-C-O-H 

O 

Eaeh hydrogen has to have one bond attaehed to it. Eaeh oxygen has to have tvvo bonds 
attaehed to it. One oxygen has tvvo single bonds and the other oxygen has a double 
bond. The earbon has to have a total of four bonds attaehed to it. This earbon has tvvo 
single bonds and one double bond. 

4. H 

H e H 
H 

answer: H 

H-e-H 


H 
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Eaeh hydrogen has to have one bond attaehed to it. The earbon has to have four bonds 
attaehed to it. 

5. H N e O 

answer: H-N C O 

The hydrogen has to have one bond attaehed to it. The nitrogen has to have three bonds 
attaehed to it. In this ease, it has one single bond and one double bond. The earbon has to 
have a total of four bonds. In this ease, it has two double bonds. Oxygen has to have two 
bonds. In this ease it has one double bond. 

Garbohydrates 

Garbohydrates are made of sugar units ealled saeeharides. If the earbohydrate is made of one 
glucose unit, it is ealled a monosaeeharide. If it is made of two units, it is a disaeeharide. If it is 
made of several units, it is a polysaeeharide. Table 2-3 lists faets regarding typieal earbohydrate 
molecules. 


Table 2-3 Garbohydrate Faets 

Monosaeeharìdes 

Disaeeharìdes 

Polysaeeharìdes 

Glucose 

Maltose 

Stareh 

Fructose 

Sucrose 

Glyeogen 

Galaetose 

Laetose 



Glucose bonded to glucose (two sugar units) will produce maltose. Glucose bonded to fructose 
will produce sucrose. Glucose bonded to galaetose will produce laetose. Several glucose units 
bonded together will produce stareh or glyeogen. 

Lipids 

In order for an organie molecule to be elassifìed as a lipid, it must be insoluble in water. Most lipids 
are made of a glyeerol molecule and fatty aeids. There are four major types of lipids. Table 2-4 lists 
some faets about lipids. 


Table 2-4 Lipid Faets 


Phospholipids 

Glyeolipids 

Fats 

Gholesterol 

Made of: 

One glyeerol 

Two fatty aeids 

One phosphate ion 

Made of: 

One glyeerol 

Two fatty aeids 

One earbohydrate 

Made of: 

One glyeerol 

Three fatty aeids 

Made of: 

Four earbon rings 

No glyeerol 

No fatty aeids 

Found in eell 

membranes 

Found in eell 

membranes 

Llsed to insulate 
organs of the body 

Found in eell 

membranes 

Needed to make hormones such 

as testosterone and estrogen 
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Proteins 

Proteins are organie moleenles that are made of units of amino aeids. The individnal amino aeids 
are made of earbon, hydrogen, oxygen, and nitrogen atoms. There are over 300 different amino 
aeids in the living vvorld. Of those 300 + amino aeids, the human body uses only 20 of them. 
Those 20 different amino aeids are bonded together (via the aetion of ribosomes) in different 
eombinations to ereate over 100,000 different protein molecules. 

VVhile all the proteins are speeial in their own way, there is one very speeial type of protein 
ealled an enzyme. An enzyme is a protein molecule that eatalyses the ehemieal reaetions in the 
body. When an enzyme is involved in a ehemieal reaetion, it speeds up the ehemieal reaetion. 


Nucleic Aeids 

Nucleic aeids are complex organie molecules that eonsist of earbon, hydrogen, oxygen, nitro- 
gen, and phosphorus. There are two major kinds of nucleic aeids. Table 2-5 lists some faets 
about nucleic aeids. 


Table 2-5 Nucleic Aeid Faets 

Deoxyríbonucleic Aeid 

Ribonucleic Aeid 

Abbreviated as DNA 

Abbreviated as RNA 

Makes up the strands of ehromosomes 

Found in the nucleolus 

Found in the nucleus 

Can aet as messenger RNA (mRNA) 

Gives a eoded message to RNA to instruct 
the ribosomes to make protein 

Transfer RNA (tRNA) is found in the eytosol of the eell. 


Example Problems 

1. True or false: The main eharaeteristie of lipids is the faet that they eontain glyeerol and fatty 
aeids. 

ansvver: false. Cholesterol is a lipid and it does not eontain glyeerol or fatty aeids. The 
main eharaeteristie of lipids is the faet that they are molecules that are insoluble in vvater. 

2. Glucose is a molecule that ean enter through the eell membrane via the protein ehannels. 
Laetose is an organie molecule found in milk. Laetose is too large to pass through the 
protein ehannels, therefore, that we have to digest laetose. VVhen we digest laetose, what 
two organie molecules are produced? 

ansvver: glucose and galaetose. Laetose is made of glucose and galaetose. VVhen it is 
digested, the digestive enzymes will “break” the bond between the two units, thereby 
producing individual units of glucose and galaetose. 

3. Several amino aeids bonded together will produce a_. 

ansvver: protein. Amino aeids are the building bloeks of protein. 
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4. DNA molecules are found in the_of a eell vvhile RNA ean be 

found in the_. 

answer: nucieus; nucieoius. DNA is found in the nucieus of the eeii and RNA is found in 
the nucieoius, vvhieh is a structure vvithin the nucieus. 

5. True or faise. Ghoiesteroi is eiassified as a iipid because it is made of the same moiecuies 
as other iipids. 

answer: faise. Ghoiesteroi is a iipid because it is insoiubie in vvater. Ghoiesteroi does not 
eonsist of the same moiecuies as other iipids. 

pH Goneepts 

pH is the measure of hydrogen ions in a given soiution. The more hydrogen ions present, the 
greater the aeidity. Hydrogen ions have an aeidie eharaeteristie. The pH of a soiution is typieaiiy 
represented on a pH seaie that ranges from 1 to 14. A pH of 1 is very aeidie and a pH of 7 is 
neutrai and a pH of 14 is very aikaiine (basie) or is the ieast aeidie. 

The main eoneept of understanding pH is to knovv that eaeh number on the pH seaie actuaiiy 
represents a faetor of 10. For example, if a solution is supposed to exhibit a pH of 6 but all of a 
sudden the pH drops to 5, it is not a matter of just a single number but is actually 10 times more 
aeidie. If the pH drops dovvn to 4, it vvill be 100 times more aeidie than pH 6. 


Example Pmblems 

For the follovving problems, determine hovv many times more aeidie or more alkaline one solution 
is eompared to the other. 

1. Hovv many times more aeidie is pH 6 eompared to pH 8? 

answer: 100; going from pH 8 to pH 7 is 10 times more aeidie. Going from pH 7 to pH 6 
is another 10 times more aeidie. 10 x 10 = 100. 

2. Hovv many times more aeidie is pH 2 eompared to pH 5? 

answer: 1000; going from pH 5 to pH 4 is 10 times more aeidie. Going from pH 4 to pH 3 
is another 10 times more aeidie. Going from pH 3 to pH 2 is another 10 times. 10 x 10 x 
10 = 1 , 000 . 

3. Hovv many times more aeidie is pH 9 eompared to pH 10? 
answer: 10; going from pH 10 to pH 9 is 10 times more aeidie. 

4. Hovv many times more alkaline is pH 7 eompared to pH 2? 

answer: 100,000; going from pH 2 to pH 3 is 10 times more alkaline. Going from pH 3 
to pH 4 is another 10 times more alkaline. Going from pH 5 to pH 6 is another 10 times 
more alkaline. Going from pH 6 to pH 7 is another 10 times more alkaline. 


10x 10x 10x 10x 10= 100,000. 


ehapter 2: The Chemistry of Anatomy and Physiology 



5. How many times more alkaline is pH 6 eompared to pH 4? 

answer: 100; going from pH 4 to pH 5 is 10 times more alkaline. Going from pH 5 to 
pH 6 is another 10 times more aeidie. 10 x 10 = 100. 

Buffers 

In order for ehemieal reaetions to occur properly in the human body, the enzymes must be func- 
tioning properly. In order for the enzymes to fijnetion properly, the pH has to be just right. 
Gonsider the foIIowing areas of the body with their preeise pH for normal enzyme ftjnetion 
(therefore normal ehemieal reaetions): 

□ Stomaeh: 1-2 

□ Small intestine: 7-8 

□ Blood: 7.35-7.45 

□ Urine: 5-8 

A buffer is a substance that ean stabilize the pH. The pH value ean ehange due to the accumula- 
tion of hydrogen ions (H^) or to the laek of hydrogen ions. If the system is beginning to accumu- 
late hydrogen ions, the buffers will bond to the ions, thereby removing them and causing the 
hydrogen ions to not behave as an aeid, thereby stabilizing the pH. If the system is laeking hy- 
drogen ions, buffers ean release hydrogen ions into the soIution, thereby stabilizing the pH. 


Work Problems 

1. How many double bonds would be found In thls molecule: e C O 

O 

2. How many triple bonds would be found in this molecule: N C H 

3. VVhat two organie molecules, when eombined, will form sucrose (table sugar)? 

4. VVhat are the ehemieal substances that make up a phospholipid molecule? 

5. Protein molecules are made of individual monomers ealled_ 

6 . How many times more aeidie is a pH of 5 eompared to pH 8? 

7. How many times more basie is a pH of 9 eompared to pH 7? 

8 . The pH of blood is slightly (aeidie or basie). 

9. An accumulation of what ion will cause a system to beeome more aeidie? 

10. A substance that causes the pH of a system to remain relatively stable is ealled a 
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Worked Solations 

1. c C O ■ There will be a total of three double bonds. 

o 

2. N = C — H. There will be one triple bond. 

3. Glucose bonded to fructose will yield sucrose. 

4. One glyeerol, two fatty aeids, and one phosphate ion. 

5. amino aeids 

6 . 1,000 times more aeidie. Going from pH 8 to a pH 7 = 10 times more aeidie. Going from 
pH 7 down to pH 6 = 10 times more aeidie. Going from pH 6 down to pH 5 = 10 times 
more aeidie. Therefore, 10x 10x 10 = 1000. 

7. 100 times more basie. Going from pH 7 to a pH 8=10 times more basie. Going from 
pH 8 to pH 9 = 10 times more basie. Therefore, 10 x 10 = 100. 

8 . basie. The pH of blood is 7.35-7.45. Anything above pH 7 is eonsidered basie. 

9. An accumulation of hydrogen ions (H"^) will cause the pH of a system to beeome more 
aeidie. 

10. Anything that resists ehanges in pH is ealled a buffer. 

ehapter Problems and Solutions 

Problems 

1. How do you determine the number of neutrons an isotope has? 

2. When calcium beeomes an ion, it will develop an ionie eharge of_. 

3. Bond the following ions together: Sodium ions and nitrogen ions. 

4. Bond the following ions together: Magnesium ions and phosphate ions. 

5. How many single bonds and double bonds would be found in this organie molecule? 

H e O 

H 

6 - What is the name of the saeeharides produced after the digestion of sucrose? 

7. Why are fats typieally referred to as triglyeerides? 

8 - Which statement is true: 

a. Fats are a type of lipid. 

b. Lipids are a type of fat. 
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9. If aeid begins to accumulate in the blood, the pH will typieally stay at about 7.35 to 7.45 
because of the presenee of what type of organie moIecuIe? 

10. A ehange of one number on the pH seale is actually rather serious because eaeh number 
on the pH seale represents a faetor of_. 

Ansvvers and Solutions 

1. Subtract the number of protons Irom the AMU value (AMU - protons = nentrons). 

2. 2+. Calcium is in the seeond coIumn on the Periodie Table. Elements in the seeond coIumn 
develop a 2+ eharge when they beeome an ion. 

3. Na^N. Sodium ions have a 1 + eharge (Na'"^). Nitrogen ions typieally have a 3- eharge 
(N^"). Take the 1 (from the 1+ assoeiated with Na) and plaee it with the N in the subscript 
form (Ni). Take the 3 (from the 3- assoeiated with N) and plaee it with the Na in the 
subscript form (Nas). 

4. Mgj^POJz. Magnesium ions have a 2+ eharge (Mg^"^). Phosphate ions have a 3- eharge 
(PO/“). Take the 2 (from the Mg^"^) and plaee it with the phosphate in the subscript form 
(PO^iz. You need to have 2 phosphates. Take the 3 (from the PO/") and plaee it with the 
Mg in the subscript form (Mgs). 

5. There will be two single bonds and one double bond. H — C O 

H 

6. glneose and irnetose 

7. Fats eonsist of three fatty aeids. 

8. a. Fats are a type of lipid. Lipid is a eategoiy of moIecuIes eonsisting of fats, 
phospholipids, glyeolipids, and eholesterol. 

9. Bnffers are moleenles that resist ehanges in pH. 

10. Eaeh number represents a faetor of 10. 

Supplemental Ghapter Problems 

Problems 

1. VVhen strontium (Sr) beeomes an ion, it will develop a eharge of_. 

2. VVhen ehlorine (CI) beeomes an ion, it will develop a eharge of_. 

3. How many eleetrons wouId a neutral atom have if it had 22 protons?_ 

4. VVhat subatomic partieles are found in the nucleus of an atom?_ 

5. If an atom has 13 protons, it must be (identify the atom)_. 
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6 . '"®Ba has an AMU of_. 

7. Put in the eorreet eovalent bonds in this moieenie: H C C H 

8 . Glucose bonded to_will produce laetose. 

9. VVhieh solution is more aeidie: a solution with a lot of hydrogen ions or a solution with 

very few hydrogen ions?_ 

10. ehromosomes are strands of material eonsisting of molecules of_. 

Ansvvers 

1. 2+ eharge. Look at the Periodie Table, seeond column. 

2. 1- eharge. Look at the Periodie Table, seventh major column. 

3. 22. The eleetron number and proton number are the same in a neutral atom. 

4. protons and neutrons. Eleetrons are orbiting the nucleus. 

5. Aluminum has 13 protons. 

6 - 138. The number in the superscript left side is the AMU value for that atom. 

7. H ^ ^ ^ . Eaeh hydrogen has to have one bond and eaeh earbon has to have a 

total of four bonds. 

8 - galaetose 

9. A solution with the most hydrogen ions is the most aeidie. 

10. Molecules of deoxyribonucleic aeid (DNA) make up the strands of ehromosomes. 


/////////m/m/m//. 

ehapter 

The Cell 

T he human body eonsists of over 

stasis, the eeiis must be fijnetioning properly and, therefore, be in homeostasis. In order for 
the eells to be in homeostasis, the eell organelles must be fijnetioning properly. This ehap- 
ter discusses the normal fijnetion of the various eell organelles and the eell membrane. 

The Cell Organelles 

Gonsider the follovving bullet list, vvhieh shovvs the various eell organelles and structures and 
gives a brief deseription of their fijnetion. 

□ Nucleus: Gonsists of 46 ehromosomes, vvhieh are made of DNA moIecuIes. 

□ Nucleolus: Loeated in the nucleus; produces RNA. 

□ Ribosomes: Produce protein; ean be free or fixed to endoplasmie reticulum. 

□ Golgi apparatus: Modifies the protein that is produced by ribosomes. Many times, it vvill add 
a earbohydrate to the protein, thus producing a glyeoprotein. It also produces lysosomes, 
vvhieh eonsist of en^mes. 

□ Lysosomes: VacuoIes that eontain enzymes. Enzymes vvill digest organie moIecuIes. 

□ Mitoehondria: Produces 95% of the ATP required for eell aetivity; produces eholesterol. 

□ Rous^ endoplasmie reticulum: Netvvork of ehannels passing throughout the eytoplasm; 
have ribosomes attaehed to them (fixed ribosomes). 

□ Smooth endoplasmie reticulum: Produces lipids and earbohydrates; do not have ribosomes 
attaehed to them. 



75 trillion eells. In order for the body to maintain homeo- 


Protein Synthesis 

The ribosomes make protein, but they do not make the protein at random. The ribosomes are 
“told” vvhat kind of protein to make and vvhen to make it via the direetion of DNA. Hovvever, 
DNA is too large of a moIecuIe to exit the nucleus, so there has to be another vvay to get the 
instructions out to the ribosomes. That’s vvhere RNA eomes into play. RNA leaves the nucIeoIus 
and pieks up the ehemieal eoded message from the DNA. The proeess of “pieking up” the eoded 
message is ealled transeription. RNA then leaves the nucleus vvith the eoded message and 
travels to the ribosomes. Ónee at the ribosomes, the RNA (novv ealled mRNA or messenger RNA) 
gives the message to the ribosomes. The ribosomes take this message and begin to manufacture 
protein. The proeess of interpreting the message is ealled translation. 
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The Cell Membrane 

The eell membrane is a semipermeable, biiayered structure made of four major organie moie- 
cuies, as foiiovvs: 

□ Phospholipid: Greates the semipermeabiiity of the membrane; makes up the majority of 
the two iayers of the membrane. A phosphoiipid moiecuie eonsists of a giyeeroi moiecuie 
bonded to two fatty aeids and one phosphate. 

□ Glyeolipid: Gives the eeii its identity; ioeated oniy in the outer iayer. A giyeoiipid moiecuie 
eonsists of a giyeeroi moiecuie bonded to two fatty aeids and one earbohydrate. 

□ eholesterol: Appears to eontroi the rate of flow of materiai in and out of the eeii. 

□ Proteln: Many wiii form ehanneis to aiiow iarger moiecuies to enter into the eeii. 


Example Pmblems 

1. VVhieh eeii organeiie is responsibie for turning a protein moiecuie into a giyeoprotein? 
answer: Goigi apparatus 

2 . VVhieh eeii organeiie is ioeated inside the nucieus? 
answer: nucieoius 

3 . VVhieh eeii organeiie eonsists of enzymes that ean be used to digest iarge organie 
moiecuies? 

answer: iysosomes 

4 . Giyeoiipids are assoeiated with which iayer of the eeii membrane? 
answer: outer iayer 

5 . VVhieh membrane structure ereates the “pores” of a eeii? 
answer: protein 

Work Problems 

Use eell organelle terms to ansvver Questions 1 throngh 4. 

1 - Identify the eell organelle that is involved in making adenosine triphosphate. 

2 . Identify the eell organelle that is involved in prodneing lysosomes. 

3 - Identify the eell organelle that is involved in prodneing earbohydrates. 

4 - Smooth endoplasmie reticulum is ealled “smooth” because it laeks_ 

Use eell membrane terminology to ansvver Questions 5 through 7. 

5 - The eell membrane structure that is loeated only in the outer layer is the 

molecule. 
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6 . How many layers make up the eell membrane? 

7. Large molecules, such as glucose, eannot pass easlly through the eell membrane. 

Therefore, those molecules must pass through the_ehannels. 


Worked Solutions 

1. The mitoehondria make ATP. 

2. The Golgi apparatns makes lysosomes. 

3. The smooth endoplasmie retienlnm prodnees earbohydrates and lipids. 

4. Smooth endoplasmie retienlnm laeks ribosomes. 

5. The glyeolipid moleenle is loeated only on the onter layer. 

6. There are 2 layers that make up the single membrane. 

7. Protein ehannels are formed that will allow large molecules such as glucose to enter 
the eell. 


Osmosis 

In order to understand osmosls, you must be familiar with the eoneept of difftjsion. Diffnsion is 
defined as the movement of moleenles from an area of high eoneentration to an area of low eon- 
eentration. By eomparison, osmosis is defined as the movement of water moleenles from an 
area of high eoneentration to an area of low eoneentration aeross a membrane. Osmosis is a spe- 
eial type of difftjsion, because it involves the movement speeifieally of water molecules. Examples 
of difftjsion would be: 

□ The spreading of perftjme throughout the room 

□ The smell of armpit odor from a person with hygiene problems 

□ Osmosis 

In order to understand osmosis, you must understand the following terms: 

□ Solntion is a term that refers to a eombination of the solute and solvent. 

□ Solnte is a term that refers to the material that is dissolved in the solvent. 

□ Solvent is a term that refers to the liquid that is doing the dissolving. In referenee to osmo- 
sis, the solvent is water and the solute is typieally an ion, saeeharide, or mineral. 

VVhen studying osmosis, pretend that the only items that eomprise a eell are water and solutes. 
The inside of the eell is known as the ICF (intraeellnlar flnld), and the outside of the eell is 
known as the ECF (extracellular fluld). 

The best way to study and understand the eoneept of osmosis is to examine and use the following 
four steps. In all eases, we will allow the water to move but have the solutes remain stationaiy. 

1. Determine which (the 1CF or the ECF) has the highest eoneentration of water. 

2. Determine whether water will fiow into the 1CF or into the ECF. 
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3- Determine which (the 1CF or the ECF) has the highest eoneentration of solutes. 

4- Determine an osmotie term for the 1CF and the ECF. 

The key osmotie terms are: 

□ Hypotonie: The 1CF is hypotonie to the ECF if it eonsists of fewer solutes than the ECF. 

□ Hypeitonie: The 1CF is hypertonie to the ECF if it eonsists of more solutes than the ECF. 

□ isotonie: The 1CF is isotonie to the ECF if it has the same eoneentration of solutes as the ECF. 

Examine the osmotie examples in Figure 3-1: 



The highest eoneentration 
of water is in the ICR 

Water will leave the ICF and 
enter into the bloodstream. 

This eell will dehydrate. 

The highest eoneentration 
of solutes is in the bloodstream. 

The osmotie term for the 
bloodstream is hypertonie. 

The osmotie term for the 
eell is hypotonie. 



The highest eoneentration 
of water is in the ECF. 

Water will leave the ECF 
and enter into the eell. 
This eell will swell. 

The highest eoneentration 
of solutes is in the eell. 

The osmotie term for the 
eell is hypertonie. The 
osmotie term for the 
bloodstream is hypotonie. 



Neither the ICF nor the ECF 
has a higher eoneentration 
of water. 

In this ease, when one 
molecule of water leaves 
the eell, one water molecule 
will enter the eell. There Ìsn't 
any net exchange. 

Neither the ICF nor the ECF 
has a higher eoneentration 
of solutes. 


• The osmotie term for the 
bloodstream is ísotonie. The 
osmotie term for the eell Ìs 
ísotonie. 


Figure 3-1: Osmosis examples. 
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Keep the follovving other notes in mind: 

□ VVater aivvays fiovvs from the hypotonie area to the hypertonie area. 

□ The osmotie terms aivvays refer to the solute eoneentrations in the iCF and the ECF. 

□ VVhenever the iCF is hypotonie, the ECF is antomatieaiiy hypertonie and viee-versa. 

□ VVhen the soiute eoneentration in an area inereases, the vvater eoneentration antomatieaiiy 
goes dovvn. The eombination of the soiute pereentage and the vvater pereentage equais 100. 

□ VVhen the vvater eoneentration in an area inereases, the soiute eoneentration automaticaiiy 
goes dovvn. The eombination of the soiute pereentage and the vvater pereentage equais 100. 


Example Problems 

For the foiiovving probiems, determine vvhether vvater vviii enter the eeii or exit the eeii. Then, 
determine the osmotie term for the iCF and the ECF. 



answer: VVater vviii enter the eeii. The eeii is hypertonie and the bioodstream is hypotonie. 



answer: VVater vviii ieave the eeii. The eeii is hypotonie and the bioodstream is hypertonie. 



answer: VVater vviii ieave the eeii. in this ease, you ean caicuiate the pereentage of soiutes 
in the eeii and the bioodstream. The eeii eonsists of 30% soiutes and the bioodstream 
eonsists of 35% soiutes. Therefore, the eeii is hypotonie and the bioodstream is hypertonie. 
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answer: In this ease, you need to calculate the pereentage of solutes in the eell and calculate 
the pereentage of vvater in the bloodstream. After doing that, you will fìnd that there are 
equal amounts ofwater in the eell and the bloodstream. Because the amounts of solutes are 
the same, the eell is isotonie and the bloodstream is also isotonie. 



answer: In this ease, because the eell is hypertonie, the bloodstream is automatically 
hypotonie. Because the bloodstream is hypotonie, it therefore has fewer solutes than the 
eell and therefore more water than the eell. VVater will enter into the eell. 

Cell Reproduction 

In order to repair wounds, the various eells of the body need to undergo eell reproduction. Cell 
reproduction is a very eontrolled set of events. Cell reproduction eonsists of three major events. 
They are: interphase, mitosis, and eytokinesis. 

Mitosis eonsists of several very eharaeteristie phases. Mitosis is a set of phases that occur in the 
nucleus of the eell. The various mitosis phases are identified aeeording to the aetivity of the 
ehromosomes inside the nucleus. The mitosis phases are: prophase, metaphase, anaphase, 
and teiophase. 

Therefore, eell reproduction eonsists of all of the following phases: interphase, prophase, 
metaphase, anaphase, telophase, and eytokinesis: 

□ interphase: Eveiything inside the eell is duplicating; you eannot see the ehromosomes inside 
the nucleus. 

□ Prophase: The ehromosomes have eompleted doubling and are now ealled paired ehro- 
matids; you ean now see the paired ehromatids. 

□ Metaphase: The paired ehromatids move around and line up in the middle of the nuclear 
region. The eentrioles produce spindle fibers, which eonneet to eaeh paired ehromatid. 
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□ Anaphase: The paired ehromatids are separated. The spindle fibers retraets, thus separating 
the paired ehromatids. 

□ Telophase: The nuclear region pinehes in half to ereate two nuclei. 

□ eytokinesis: The eell membrane pinehes in half to ereate two eells. 

Example Problems 

The Figure 3-2 shovvs the various phases of eell reproduction out of order. After responding to 
the questions, you will be able to put the figures in eorreet sequence. The figure that represents 
interphase shows two ehromosomes. Teehnieally, you eannot see the ehromosomes. The eentri- 
oles and spindle fibers are not shown in the figure. 



Figure 3-2: Cell reproduction examples. 


1 - VVhieh part of the figure shows the paired ehromatids separating? 

answer: e 

2. Which part of the figure shows the nuclear region pinehing in half? 

answer: e 

3- Which part of the figure shows the paired ehromatids lining up in the middle of the 
nuclear region? 

answer: a 

4- Which two parts of the figure represent interphase and eytokinesis? 
answer: b represents interphase and f represents eytokinesis. 

5. Plaee the parts of the figures in the eorreet sequence. 


answer: b, d, a, e, e, f 
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Work Problems 

Use osmotie terms to deseribe the foiiovving seenarios in Questions 1 through 5. 

1. If a eell eonsists of 25% soIutes and the soIution the eell is exposed to eonsists of 30% 

soIutes, the eell wouId be eonsidered_to the soIution. 

2. If a eell eonsists of 10% soIutes and the soIution the eell is exposed to eonsists of 5% 

soIutes, the eell wouId be eonsidered_to the soIution. 

3. If a eell eonsists of 8% soIute and the soIution the eell is exposed to eonsists of 80% water, 

the eell wouId be eonsidered_to the soIution. 

4. If a eell eonsists of 90% water and the soIution the eell is exposed to eonsists of 80% 

water, the eell wouId be eonsidered_to the soIution. 

5 . If a eell eonsists of 20% soIute and the soIution it is exposed to also eonsists of 20% 

soIute, the eell wouId be eonsidered_to the soIution. 

For Questions 6 through 10, use eell reproduction terminology. 

6 . Identify the phase of eell reproduction where the paired ehromatids are lining up in the 
middle of the nuclear region. 

7. Identify the phase of eell reproduction where the nuclear region is pinehing in two 
thereby resulting in two new nuclei. 

8 . Identify the phase of eell reproduction where the eell membrane is pinehing in two 
thereby resulting in two new eells. 

9. Identify the first phase of mitosis. 

10. Identify the first phase of the eell life eyele. 


Worked Solotions 

1. hypotonie. Because the eell eonsists of fewer soIutes than the soIution it is exposed to, it 
is eonsidered hypotonie. 

2. hypertonie. Because the eell eonsists of more soIutes than the soIution it is exposed to, it 
is eonsidered hypertonie. 

3. hypotonie. Because the soIution the eell is exposed to eonsists of 80% water, it therefore 
eonsists of 20% soIutes. The eell therefore eonsists of fewer soIutes. Having fewer soIutes 
is hypotonie. 

4. hypotonie. Because the eell eonsists of 90% water, it therefore eonsists of 10% soIute. 
Because the soIution the eell sits in is 80% water, it therefore eonsists of 20% soIute. The 
eell therefore eonsists of fewer soIutes than the surrounding soIution. Having fewer 
soIutes is hypotonie. 

5. isotonie. Because the eell eonsists of the same eoneentration of soIutes as the soIution it 
sits in, the eell is eonsidered to be isotonie. 
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6 metaphase 

7. telophase 

8. eytokinesis 

9. prophase 

10. inteiphase 

ehapter Problems and Solutions 

Problems 

1. VVater molecules are small enough to pass through the phospholipid layers of the eell 
membrane but larger molecules such as glucose have to pass through a speeifie portion of 
the eell. VVhat is that structure ealled? 

2 . Identify the phase of eell reproduction vvhere ehromatids are forming. 

3. Identify the phase of eell reproduction vvhere ehromatids ean novv be seen. 

4. There are some ehemieal reaetions occurring in the eytosol (eytoplasm) of the eell that vvill 
produce about 5% of the eell’s energy in the form of ATP. VVhat eell structure produces 
95% of the eell’s energy? 

5 . If a eell is losing vvater to its environment (ECF) the ECF must therefore be (hypotonie or 
hypertonie)? 

6 . If a eell is gaining vvater from the ECF, the ECF must therefore be (hypotonie or 
hypertonie)? 

7. If a eell is hypotonie, the ECF must be_. 

8 . The osmotie terms are alvvays terms that refer to (vvater or solutes). 

9. If a eell suddenly has an inerease in solutes, the_eoneentration vvill 

automatically deerease. 

10. An isotonie eell eontains the same eoneentration of as the ECF. 


Ansvvers and Solutions 

1. Larger molecules like glucose pass through protein ehannels to enter into the eell. 

2. interphase. You ean see the paired ehromatids in prophase, but they vvere formed during 
interphase. 

3. prophase. Everything is in the proeess of doubling in interphase but eannot be seen until 
prophase. 
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4. mitoehondria 

5. hypertonie. The ECF must be hypertonie, vvhieh means it has more solntes and less vvater 
than the eeil. Beeanse the ECF has iess vvater than the eeil, vvater vviil leave the eeli. 

6. hypotonie. The ECF must be hypotonie, vvhieh means it has fevver solutes and more vvater 
than the eell. Because the ECF has more vvater than the eell, vvater vvill enter the eell. 

7. hypertonie. Because the eell is hypotonie, the eell has fevver solutes. It therefore has fevver 
solutes than the ECF. Therefore, the ECF has more solutes and is therefore eonsidered to 
be hypertonie. 

8. The osmotie terms are oniy sointe terms. 

9. The totai pereentage of sointes and water must equai 100%. If the solute eoneentration 
goes up, the vvater eoneentration goes dovvn to maintain a balanee of 100%. 

10. soiute. The eorreet explanation vvould use the vvord solute, because the osmotie terms 
alvvays refer to solute values and not vvater values. 

Supplemental Ghapter Problems 

Problems 

1. What happens to the ehromatids during anaphase? 

2 . The ultimate formation of two new nuclei occur during which phase of eell reproduction? 

3. What are the four main molecular eomponents of a eell membrane? 

4. An ECF that has a higher eoneentration of solutes than the ICF would be eonsidered what 
osmotie term? 

5. What osmotie term deseribes the ECF in this seenario? A eell is exposed to an ECF that 
does not result in the gain or loss of any water. 

6 - The major fijnetion of mitoehondria is to produce energy that is in the form of_. 

7. A eell is beginning to swell after it was exposed to a solution. The solution (ECF) must 
therefore be_(use an osmotie term). 

8 - Which eell organelle synthesizes earbohydrates? 

9. Which complex molecule (DNA or RNA) actually delivers a eoded message to the 
ribosomes for the purpose of manufacturing protein? 

10- The proeess by which the DNA gives the eoded message to RNA is ealled_. 

11. DNA makes up the ehromosomes, which are loeated in the nucleus of the eell and RNA is 

loeated in the_, which is inside the nucleus of the eell. 
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12. During vvhieh phase of eell reproduction are the ehromosomes in the proeess of 
duplicating? 

13. ehemotherapy drugs will kill eaneer eells by inhibiting the separation of the ehromatids. If 
the ehromatids eannot separate, the eell will die because it eannot finish the proeess of 
eell reproduction. Based on this, what phase does ehemotherapy drugs have an affeet on? 

14. If something happens to the DNA (mutation for example), then the DNA will give the 

RNA an abnormal message. This could ultimately cause the ribosomes to make an 
abnormal_. 

15. Streptomyein is a drug that kills baeteria. Streptomyein causes the baeterial ribosomes to 

malfunction. Therefore, the baeteria eannot produce_, which 

they need for survival. 


Ansvvers 

1. The ehromatids are separated and will move to opposite ends of the nuclear region. 

2. telophase. Two new eells are formed during eytokinesis. 

3. phospholipids, glyeolipids, eholesterol, and protein 

4. The ECF would be hypertonie to the ICF. 

5 . The ECF would be isotonie to the ICF (eell). 

6 . ATP (adenosine triphosphate) 

7. hypotonie 

8 . smooth endoplasmie reticulum 

9. RNA (ribonucleic aeid). VVhen it delivers the eoded message, it is ealled messenger 
RNA (mRNA). 

10 . transeription 

11. nucleolus 

12. interphase. You ean see them in prophase but the doubling occurs in interphase. 

13. anaphase 

14. protein 

15. protein 




Gells and Tlssnes 


T he human body eonsists of trillions of eeiis, but they don’t work independentiy. The eeiis 
work together to perform various tasks to keep the body in homeostasis. In order for the 
eells to work together, they form tissues. 

Tissues do not work independently, either. The tissues work together to perform various tasks to 
keep the body in homeostasis. In order for the tissues to work together, they form organs. 

In order to study the various eells and tissues that eomprise the body, anatomists have sub- 
divided the tissues into four major groups and those groups are ftjrther subdivided aeeording 
to their cellular makeup. 

The Four Tissue Groups 

Table 4-1 lists the four major tissue groups and a eharaeteristie for eaeh group. These major tissue 
groups are discussed in detail in the foIIowing seetions. 


Table 4-1 Tissue Types 

Tissue Type 

eharaeterístie 

Type of Ceii Within the Tissue Type 

Epithelial 

This tissue type eonsists of eells that make up 
the inside or the outside lining of organs. 

Squamous, cuboidal, columnar 

Muscular 

This tissue type eonsists of eells that have 
the ability to eontraet and relax. 

Skeletal muscle, smooth muscle, 

eardiae muscle 

Neural 

This tissue type eonsists of eells that conduct 
impulses or eells that proteet the nervous 
system. 

Neuron, glial 

Gonneetive 

This tissue type eonsists of eells that have a 
matrix and typieally fill internal spaees vvithin 
the body. 

Adipose, areolar, blood, bone, 
eartilage, dense, reticular 


In order to fully understand how the eells and tissues are involved in helping the body maintain 
homeostasis, you need to understand a few basie faets about eaeh type of eell and tissue. 
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Epithelial 

Squamous eells make up epithelial tissue: 

□ Squamous eells are flat in appearanee (refer to Figure 4-1). 

□ These eells ean be found lining the skin. 

□ These eells are our fìrst line of defense. 



Figure 4-1: Squamous eells. 


Cubolclal eells make up epithelial tissue: 

□ Cuboidal eells are shaped like little squares (refer to Figure 4-2). 

□ These eells ean be found lining the urinary tubes. 

□ These eells seerete and absorb material. 
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Figure 4-2: Cuboid eells. 


Nucleus 


Columnar eells make up epithelial tissue: 

□ Columnar eells are shaped like columns (refer to Figure 4-3). 

□ These eells ean be found lining the traehea. 

□ These eells seerete and absorb material. 



Figure 4-3: Columnar eells. 


Flat 

appearanee 



ehapter 4: Cells and Tissues 


Muscular 

Skeletal muscle eells make up muscular tissue: 

□ Skeletal muscles are elongated eells with striations (refer to Figure 4-4). 

□ These eells ean be found making up the muscles assoeiated with the skeletal system. 

□ These eells eontraet and relax under voluntary eontrol. 



Nucleus 



Striations 


Figure 4-4: Skeletal muscle eells. 


Smooth muscle eells make up muscular tissue: 

□ Smooth muscles are elongated eells without striations (refer to Figure 4-5). 

□ These eells ean be found making up the uterus and blood vessels. 

□ These eells eontraet and relax under involuntary eontrol. 



Nucleus 


Figure 4-5: Smooth muscle eells. 


eardiae muscle eells make up muscular tissue: 

□ Gardiae muscle eells eonsist of interealated disks (refer to Figure 4-6). 

□ These eells ean be found making up only the heart. 

□ These eells eontraet and relax in a pulsating manner. 
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Interealated díses 


Figure 4-6: Cardiac muscle eells. 


Neural 

Neurons make up neural tissue: 

□ Neurons eonsist of dendrites, soma, and an axon (refer to Figure 4-7). 

□ These eelis ean be found making up the nervous system such as the brain and spinai eord. 

□ These eeils conduct impulses. 



Soma Glial eells 

Figure 4-7: Neuron. 

Glial eells make up neural tissue: 

□ Glial eells have a variety of sizes and shapes. 

□ These eells ean be found either nearby or surrounding the neurons (refer to Figure 4-7). 

□ These eells provide proteetion for the neurons. 


Gonneetive 

Gonneetive tissue represents the most diverse tissue group of the human body. Even though the 
eells are quite different from eaeh other, they do have some eommonality. The main eommonal- 
ity betvveen them is the faet that they all have a matrix of some sort. The matrix is the material 
that surrounds the eells. There are four major types of matrix material. 
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□ Fiber; The fibers of the matrix ean be long, slender fibers or short, thiek fibers. 

□ Liquicl: The matrix ean be liquid such as the plasma of blood. 

□ Soiiei: The matrix ean be solid, vvhieh ereates a tough, strong type of tissue. 

□ Gei: The gel matrix ereates a tough but yet very flexible type of tissue. 

Aeiipose eeiis make up eonneetive tissue: 

□ Adipose eells are round and appear to be empty, but they’re actually full of molecules of fat 
(see Figure 4-8). 

□ These eells ean be found surrounding various organs of the body. 

□ These eells provide insulation. 

□ These eells have a flber matrix. 



Adipose eell Matrix 


Figure 4-8: Adipose eells. 

Areoiar eeiis make up eonneetive tissue: 

□ Areolar eells are small and have long, thin flbers running betvveen them making up the 
matrix (refer to Figure 4-9). 

□ These eells ean be found betvveen our skin and muscle. 

□ These eells provide attaehment of our skin to the muscle. 



Fiber matrix 

Figure 4-9: Areolar eells. 
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Blood eells make up eonneetive tissue: 

□ Blood eells are small anucleated (do not have a nucleus) eells with a plasma matrix (refer to 
Figure 4-10). 

□ These eells ean be found in our circulatoiy system. 

□ These eells transport oxygen and earbon dioxide to and from other eells of the body. 

□ These eells have a liquid matrix that we eall plasma. 

Red blood eells 

Plasma 

Figure 4-10: Blood eells. 

Bone eells make up eonneetive tissue: 

□ Bone eells form eoneentrie rings around a eentral eanal (refer to Figure 4-11). 

□ These eells ean be found in our bones. 

□ These eells provide strength. 

□ These eells have a solid matrix made of calcium phosphate. 




Gentral eanal 


Bone eells 


Figure 4-11: Bone eells. 


eaitilage eells make up eonneetive tissue: 

□ Gartilage eells are small and sit in a rather large lacuna (see Figure 4-12). 

□ These eells ean be found within our joints. 

□ These eells reduce frietion in the joints. 

□ These eells have a gel matrix, which allows for flexibility. 
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Gartíldge eell 
Lacuna 

Gel matrix 


Figure 4-12: Gdrtilage eells. 

Dense eells make up eonneetive tissue: 

□ Dense eells are parallel fibers (refer to Figure 4-13). 

□ These eells make up tendons and ligaments. 

□ Tendons provide attaehment of muscles to bone vvhile ligaments provide attaehment of 
one bone to another. 

□ These eells have a fiber matrix. 




Paraliel fíbers 


Fiber matríx 


Figure 4-13: Dense eells. 
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Reticular eells make up eonneetive tissue: 

□ Reticular eells are small and have short, thiek fibers running betvveen them (refer to 
Figure 4-14). 

□ These eells ean be found making up the framevvork of the liver, spleen, tonsils, appendix, 
and thymus gland. 

□ These eells have a fiber matrix that eonsists of short, thiek fibers. 



Short, thiek 
fiber matrix 


Gells 


Figure 4-14: Reticular eells. 


Example Problems 

1. VVhieh type of eells have interealated dises? 
answer: eardiae eeiis 

2. Ceiis that eontraet and reiax are found in the_tissue eategory. 

answer: muscuiar 

3. What is the name of the eeiis that typieaiiy have a gei matrix? 
answer: eartiiage 

4. Biood eeiis do not eonneet one tissue to another but yet they stiii beiong in the eonneetive 
tissue eategory. They beiong in the eonneetive tissue eategory because they have a 

answer: matrix 

5. The iiver eonsists of eeiis that have what type of matrix? 
answer: short, thiek fiber matrix 
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Body Membranes 

There are four major types of membranes in the body. They are: 

□ Cutaneous membrane: The cutaneous membrane is actuaiiy the skin. It eovers the entire 
body and is made of squamous epithelial eells. 

□ Mucous membranes: The mucous membranes typieally eonsist of columnar epithelial eells. 
These membranes produce mucus, vvhieh provides proteetion to the tissue they line. The 
mucous membranes line the eavities that open to the outside of the body, such as: 

The digestive traet: Opens to the outside via the mouth and anus. 

The respiratory traet: Opens to the outside via the mouth and nose. 

The reprodnetive traet: Opens to the ontside via the vaginal opening. 

The nrinary traet: Opens to the outside via the urethral opening. 

□ Serous membranes: The serous membranes produce serous fluid, vvhieh provides proteetion 
for the tissue they eover. These membranes are made of epithelial eells that are supported by 
eonneetive tissue. The serous membranes line the internal eavities of the body that are not 
open to the outside, such as: 

The pienrai membranes eover the lungs. 

The peritoneai membranes eover organs such as the stomaeh and liver. 

The perieardiai membrane eovers the heart. 

□ Synoviai membranes: The synovial membranes produce synovial fluid. This fluid helps to 
reduce abrasion at the joint site. These membranes are made of eonneetive tissue. The syn- 
ovial membranes line the joints of the body. 


Example Problems 

1. VVhieh type of membrane is made mostly of eonneetive tissue? 

answer: synovial membrane. Synovial membrane eonsists of eomplete eonneetive tissue 
vvhereas serous membranes have ineomplete eonneetive tissue for support. 

2. VVhieh type of membrane is made mostly of squamous eells? 
answer: cutaneous membrane 

3. Membranes are made mostly of vvhat tvvo types of tissue? 
answer: epithelial and eonneetive tissue 

4. VVhieh type of membrane ean be found in the elbovv region? 

answer: synovial membrane. Synovial membranes line the joints of the body. 

5. VVhieh type of membrane lines the inside of the nasal eavity? 


answer: mucous membrane. Mucous membranes line the eavities that are open to the 
outside. 



CliffsStudySolver Anatomy & Physiology 


104 

Work Problems 

1. A eolleetion of eells that work together to perform speeifie ftjnetions is eailed a 

2. VVhieh type of eeils are typieaiiy the first ones to be exposed to environmentai hazards? 

3. There are eells that iine some of the glands of the body and are shaped iike little cubes. 
VVhat type of eells are they? 

4. Celis that store moleenles of fat are ealled_eells. 

5. ehondroeytes are eells that have a gel matrix. Therefore, ehondroeytes are what type of eell? 

6 . The rednetion of frietion between the two surfaces within the internal eavity of the body is 
the fijnetion of what type of membrane? 

7. VVhieh type of muscle eell has the ability to eontraet rhythmieally? 

8 . The watery substance of blood is a matrix ealled_. 

9. Pretend you diseovered a new type of eell in the body. Upon observation, you observed 
some small fibers between the individual eells. VVhat tissue eategory would these new 
eells belong to? 

10. VVhat type of tissue makes up the inside lining of the mouth? 

Worked Solations 

1. tissue 

2. squamous eells. These eells make up our skin. The skin is the first line of defense. 

3. cuboicl eells. Cuboid eells are shaped like squares or little cubes. 

4. adipose 

5. eartilage. Cartilage eonsists of a gel matrix. 

6. serous membrane. The serous membranes are not exposed to the outside of the body. 

7. eardiae muscle eells 

8. plasma 

9. Because these eells are assoeiated with a flber matrix, they would be plaeed in the 
eonneetive tissue eategory. Connective tissue has matrix. 

10. Epithelial tissue makes up the inside lining of the mouth. Epithelial tissue makes up the 
inside or outside lining of something. 
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ehapter Problems and Solutions 

Problems 

1. VVhat type of membrane would line the ear eanal? 

2. VVhieh type of membrane is made of eells that appear flat? 

3. VVhieh type of membrane provides the body with the fìrst line of defense? 

4. If you diseovered new eells that appeared to line the outside of a pieee of tissue, it would 
probably belong in which tissue eategory? 

5. Most eells of the body ean be found in several plaees. However, there is one type of eell 
that is limited to the loeation of just one organ of the body. VVhat type of eell is this? 

6 . Blood vessels ean dilate and eonstriet on their own (not under our eontrol). They ean do 
this because they are made of what type of muscle eell? 

7. VVhat kind of substance would columnar eells produce? 

8 . Lamella is a type of matrix that is solid. VVhieh of the eell types eonsist of lamellae? 

9. VVhieh of the eell types do not eonsist of a nucleus? 

10. Onee in awhile, a person might have a “runny” nose. Their nose “runs” because the eells 
that make up the_membrane produce mucus. 


Ansvvers and Solutions 

1. The mucous membranes are a type of membrane that lines areas that are exposecl to 
the ontside of the body. 

2. The cutaneous membrane is made of squamous eeiis and squamous eeiis appear fiat. 

3. The cutaneous membrane eovers the iining of the skin. Many organisms that enter the 
body have to pass through the skin first before getting to their destination. 

4. it wouid beiong in the epitheiiai tissue eategory because it makes up the iining of 
something. 

5. Gardiae eeiis are found oniy in the heart. 

6 Smooth muscie eeiis are muscies that are not eontroiied by us. These are involuntaiy 
muscle eells. The dilation and eonstrietion of blood vessels is an involuntary response. 

7. Coiumnar eeiis are found in the traehea making up the mucous membrane. The 

mucous membrane seeretes mucus. Therefore, it is the columnar eells that seerete a 
mucus substance. 
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8. Bone eells have a solld matrlx. The matrix of bone is ealled lamellae. 

9. Red blood eells (erythroeytes) do not have a nnelens. They are anucleated. 

10. The mucous membrane eonslsts of eells that prodnee mucus. Mucus is the “runny” 
liquid that emerges from the nose. 

Supplemental Ghapter Problems 

Problems 

1. VVhieh type of membrane lines the joints of the body? 

2. VVhieh type of membrane lines the surfaces of areas that are exposed to the atmosphere? 

3 . The inside lining of the abdomen is lined with which type of membrane? 

4. The membrane that provides us with our first line of defense (prevents infectious agents 
from entering the body) would be which type of membrane? 

5 . The pleural membranes that line the lungs are what type of membrane? 

6 . Identify the type of eell that eonsists of molecules of fat. 

7. Identify the type of eell that reduces frietion within the joints. 

8 . Identify the type of eell that lines the traehea. 

9 . Labor eontraetions are not under the patient’s eontrol. This is because the uterus is made 
of what type of muscle eells? 

10. Blood is in the eonneetive tissue eategory because the blood eells are assoeiated with a 
matrix. VVhat is the name of that matrix? 


Ansvvers 

1. Synovial membranes line the joint eavity. 

2. Mucous membranes line the areas that are open to the outside of the body. 

3. Serous membranes line the internal body eavities. 

4. Cutaneous membrane is actually the skin. The skin is the first line of defense. Our blood 
(vvhite blood eells) is the seeond line of defense. 

5. Serous membranes line the lungs. Therefore, the pleural membranes are a type of serous 
membrane. 

6 . adipose 
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7. eartilage 

8 . columnar 

9. Smooth muscle eells are under involuntary eontrol. 
10 . plasma 




The Integumentary System 


T he integumentary system, which most peopie think of as just skin, actuaiiy eonsists of naiis, 
hair, giands, and skin. The integument is the most visibie part of the body, but is taken for 
granted by most peopie (except, perhaps, a dermatoiogist). 

The Skin 

An organ is eonsidered to be a structure that is made of two or more tissues. The skin eonsists of 
numerous tissue types, and because its surface area is so iarge, it is eonsidered to be the iargest 
organ of the body. The skin is the cutaneous membrane that is made of two iayers; the epidermis 
and dermis. Those two iayers are made of severai sub iayers. Check out the foiiowing iist for faets 
about these iayers: 

□ Epidermis: The epidermis is the most outer layer of the skin; it eonsists of four major 
individuai iayers. 

Stratum corneum: This is the outermost iayer of the epidermis; it eonsists of squamous 
eeiis. 

Stratum granuiosum: This iayer of eeiis produces a protein substance eaiied keratin. 

Stratnm spinosnm: This iayer of eeiis produces a substance eaiied desmosomes. 
Desmosomes eonneet one iayer of tissue to another layer. 

Stratnm germinativnm (basaie): This is the deepest iayer of the epidermis; this iayer 
eonsists of eeiis that ean reproduce and therefore repair wounds. This iayer aiso eonsists 
of eeiis that produce meianin, which is a pigment that gives the skin its eoior. 

□ Dermis: The dermis eonsists of two iayers of tissue. 

Papiiiary: This iayer eonsists of hair foiiieies and sebaceous giands. This iayer aiso ereates 
the ridges making up fingerprints. 

Retieniar: This iayer eonsists of sweat giands. 

Deep to the dermis is a iayer eaiied the hypodermis. This iayer is not a part of skin but is many 
times discussed with the topie of skin. This iayer eonsists of adipose eeiis and major biood vesseis. 
Gonneeting the hypodermis to the skeietai muscies is a group of eeiis eaiied areoiar. This is very 
ioose materiai and is not very strong. 
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Example Pmblems 

1. The stratum spinosum produces spine-like substances that literaiiy eonneet one layer of 

eells to another. These spine-iike substances are eailed_ 

answer: desmosomes 

2 . The epidermis and dermis are eolleetiveiy eailed the_membrane. 

answer: cutaneous 

3 . It takes approximateIy two weeks for the stratum corneum to be replaeed by new skin 
eells. These new skin eells are derived from which layer? 

answer: stratum germinativum 

4 . In order to proteet our skin from uItravioIet rays of the sun, our skin produces a pigment 
to make the skin darker, such as the ease of a tan. VVhieh layer eonsists of eells that 
produce a pigment to ereate a darker skin eolor? 

answer: stratum germinativum. This layer eonsists of melanoeytes. 

5 . VVhen a person exercises, they have a tendeney to ereate moisture in the axillary region. 
VVhieh layer of skin produces this excess moisture? 

answer: reticular layer 


Hair 

Hair protrudes through the skin by first developing in the hair follieles loeated in the dermis. Hair 
provides minimal proteetion, but the hair on our sealp proteets us from ultraviolet rays of the 
sun. If an inseet walks on our arm, the inseet will cause a hair to move. VVhen the hair moves, a 
nerve is aetivated and is then deteeted by the body. 

In the dermis, there is a smooth muscle (arreetor pili mnsele) that is eonneeted to the shaft of the 
hair and also to the superfìcial area of the dermis. There are a variety of stimuli that will cause the 
arreetor pili muscles to eontraet. Eaeh time the arreetor pili muscles eontraet, the hair will stand 
straight. VVhen it stands straight, the tissue near the hair will begin to bulge, thus ereating a goose 
bump. 

Many times, when a person is ehilly, he generates goose bumps. The eontraetion of thousands of 
arreetor pili muscles generates heat. The shivering of the body is a series of muscle eontraetions 
which, upon eontraetion, will generate heat. 


Nails 

Fingernails and toenails are made of a tough protein substance ealled keratin. The nails gener- 
ally appear pinkish in eolor, which is due to the underlying blood vessels. At the root of the nail, 
the blood vessels are hidden by running deeper into the tissue. Because of this, the area appears 
lighter in eolor. It takes on a half-moon shape and is ealled the lunula. Nails help to proteet the 
fingers and toes. 
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Glands 

eonsider the follovving bullet list of the various glands and their ftjnetion assoeiated with the 
integumentary system. 

□ Sebaceous gland: 

These glands are loeated in the papillary layer of the dermis. 

These glands produce an oil substance ealled sebum. 

Sebum goes to the surface of the skin and therefore lubricates the skin. 

If the duct of these glands gets bloeked, a pimple may occur. 

□ Apoerine gland: 

These glands are loeated in the reticular layer of the dermis. 

These glands are a type of sweat gland. 

This type of sweat substance ereates the “natural” body odor. 

□ Meroerine giand: 

These glands are loeated in the reticular layer of the dermis. 

These glands are a type of sweat gland. 

This type of sweat substance eools the body when it is hot. 

□ Ceruminous giand: 

These glands are loeated in the ear eanal. 

These glands produce cerumin (ear wax). 

Cerumin serves to proteet the eardrum. 


Example Problems 

1. VVhat is the name of the muscle that causes hair to stand ereet? 
answer: arreetor pili 

2. VVhat is the name of the area on the fingernail that is light in eolor and is loeated at the 
root of the nail? 

answer: lunula 

3. VVhen perspiration evaporates from the body, the body beeomes eooler. VVhieh type of 
sweat gland produces perspiration? 

answer: meroerine 

4. VVhieh gland is involved in aene production? 
answer: sebaceous 

5. VVhieh gland produces natural body odor? 


answer: apoenne 
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Work Problems 

1. What are the four main eomponents of the integumentary system? 

2. Which layer of the epidermis eonsists of eells that are undergoing interphase, prophase, 
metaphase, anaphase, telophase, and eytokinesis? 

3. A hypodermie needle is used to plaee medieation nearby some major blood vessels in the 
skin. Which layer is the hypodermie needle named after? 

4. Which glands produce an oily substance? 

5. Which gland produces a substance that is designed to keep the skin lubricated and moist, 
espeeially when the skin is exposed to a dry environment? 

6 . There are times when a person has “sweaty” palms. This is because there is a high eoneen- 
tration of a speeifìe type of sweat gland loeated on the palms. What is the name of that gland? 

7. What is the name of the gland loeated in the ear eanal? 

8 . If a person steps on a thorn, the thorn will penetrate several layers of tissue. If this thorn 
penetrated to the reticular layer, how many layers of tissue did the thorn penetrate? 

9. In order to eool the body, the sweat molecules produced by the_ 

glands must evaporate from the surface of the skin. 

10. Infants ean reeognize mom’s body odor due to the faet that the nipple regions eonsists of 

a high eoneentration of_glands. The infant ean smell the 

seeretions eaeh time it nurses. 


Worked Solotions 

1. skin, hair, naiis, anei gianeis 

2. stratnm germinativnm (stratnm basaie) 

3. hypoeiermis iayer 

4. Sebaeeons gianeis proeinee sebnm. Sebum is oily. 

5. sebaeeons gianeis 

6. meroerine gianeis 

7. eernminons gianeis 

8. Five iayers. The thorn would penetrate the stratum corneum, stratum granulosum, 
stratum spinosum, stratum germinativum, and the papillary layer. The thorn would 
penetrate 4 layers of the epidermis and 1 layer of the dermis. There are some parts of the 
epidermis that have another layer (stratum lucidum) loeated between the s. corneum and 
the s. granulosum. If this is the ease, the answer is 6 layers. 

9. meroerine 

10. apoerine 
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ehapter Problems and Solutions 

Problems 

1. Melanoeytes are eells that produce melanin. Melanoeytes are found in vvhieh iayer of 
the skin? 

2. An injeetion given to a patient by a hypodermie needie wiii injeet medieation into which 
iayer of the skin? 

3. VVhieh iayer (epidermis, dermis, or hypodermis) couid aiso be referred to as the 
subcutaneous? 

4. VVhieh giand produces the type of sweat that peopie, who exercise vigorousiy, generate? 

5. Oii is a stici<y substance. Dirt has a tendeney to stiek to oii. VVhen this happens, dirt wiii bioek 
the reiease of oii and begin the formation of a pimpie. VVhieh giand is being deseribed? 

6 . The iunuia is ioeated at the proximai portion or distai portion of the fìngernaii? 

7. The eontraetion of iots of_muscies couid generate 

a smaii amount of heat, thereby tiying to warm the body. 

8 . Arreetor piii muscies are under (voiuntary or invoiuntary)_eontroi. 

9. The most superficia) layer of the epidermis is the_. 

10. The most variety of glands of the skin are loeated in which iayer? 

Ansvvers and Solutions 

1. Melanin is the pigment that is proeineeei by eeiis in the stratnm germinativnm iayer. 

Therefore, melanoeytes are found in the stratum germinativum iayer. 

2. A hypoeiermie neeeiie is eiesigneei to go eieep into the skin into the hypoeiermis iayer, 
which wiii, therefore, put the meeiieation near the iarger biooei vesseis. 

3. Because the epieiermis anei eiermis are eoiieetiveiy eaiieei the cutaneous, the iayer 
uncier the cutaneous wouici be the subcutaneous (i.e., the hypoeiermis). 

4. The meroerine gianeis proeinee the type of sweat that is generateei when a person 
exercises, for eooiing pnrposes. 

5. The sebaeeons gianeis proeinee sebum, which is oiiy. 

6. The iunuia is ioeateei at the proximai portion of the fingernaii, as this is the area that 
is nearest the main portion of the finger. 

7. Gontraetion of the arreetor piii mnseies couici generate a smaii amount of heat. 

8. Arreetor piii mnseies are smooth mnseies anei are therefore uncier invoinntary eontroi. 
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9. The stratum corneum is the most superficial iayer of the epidermis. 

10. The reticuiar iayer of the dermis eonsists of two kinds of sweat giands, whereas the 
papiiiary iayer eonsists of oniy the sebaeeons giands. 

Supplemental Ghapter Problems 

Problems 

1. VVhieh layer of the dermis eonsists of the sebaceous giands? 

2. VVhat is the name of the iayer of tissue that is loeated betvveen the dermis and muscle? 

3. VVhat is the name of the most superficial layer of skin? 

4. Most of a person’s body fat is loeated in the_layer. 

5. Melanoeytes are eells that produce a pigment that gives the skin its natural eolor tone. 
These eells are loeated in the deepest epidermal layer. VVhat is the name of this layer? 

6 . Babies have a eertain “baby” smell assoeiated with them. This is due to a gland that is very 
aetive at a young age. VVhat is the name of that gland? 

7. Dandruff is due to rather large “sheets” of epidermal eells fiaking off the body. These eells 
eome from the most superficial layer of the epidermis. VVhat is the name of that layer? 

8 . VVhieh layer of skin eonsists of the aeeessory structures such as glands? 

9. A bloeked sebaceous gland could result in what type of skin eondition? 

10. VVhieh layer of the dermis eonsists of the sweat glands? 

Ansvvers 

1. Sebaceous glands are in the papillary layer of the dermis. 

2. The hypodermis is found between the dermis and muscle. Hypodermis is a term that 
means “below” the dermis. 

3. stratum corneum 

4. hypodermis 

5. stratum germinativum 

6 . apoerine 

7. stratum corneum 

8 . papillary and reticular layers of the dermis 

9. aene or pimples 

10. reticular layer 



The Axial Skeletal System 


T he skeletal system is made of the axial skeleton and the appendienlar skeleton. This 
ehapter pertains to just the axiai portion of the skeleton. The axial skeleton eonsists of the 
sknll, the thoraeie eage, and the vertebral eolnmn. Table 6-1 lists the details of the axial 


skeleton eomponents. 

Table 6-1 The Axial Skeleton 

Axiai Skeleton 

Individaal Components 

Skull 

Cranium (8 bones) 

Faee (14 bones) 

Auditory ossieles (6 bones) 

Hyoid (1 bone) 

Thorade eage 

Sternum (1 bone) 

Ribs (24 bones) 

Vertebral column 

Vertebrae (24 bones) 

Sacrum (1 bone) 

Coccyx(1 bone) 


The Skull 

The skull is eomprised of the cranium, the faeial bones, the ossieles, and the hyoiel bone. The 
follovving information discusses eaeh eomponent 


Bones of the Cranium 

Figure 6-1 identifies the eranial bones of the skull. There is one frontal bone, two parietal 
bones, and one oeeipital bone. There is one sphenoid bone (although it ean be seen on both 
sides of the skull), and one ethmoid bone. There are two temporal bones. 
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Example Problems 

Use a direetional term to ansvver Questions 1 through 3. 

1. The iaterai edge of the sphenoid bone is ioeated_to the 

temporai bone. 

answer: anterior 

2. The frontai bone is ioeated_to the parietai bone. 

answer: anterior 

3. The ethmoid bone is ioeated on the_of the eye soeket. 

answer: mediai 

4. True or faise: The eheek bone (zygomatie) is part of the cranium. 
answer: faise. It is part of the faeial bone. 

5. How many paired bones of the skull are there? 
answer: two (parietals and temporals) 
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Bones of the Faee 

Figures 6-2 through 6-4 identifies the faeiai bones. From an anterior view of the skuii (see 
Figure 6-2), you ean see the bones that make up the faee. They are: two nasal bones, two zygo- 
matie bones, one mandible, and two maxillary bones. (There is a suture that extends from the 
eenter of the nasai eavity to the front teeth that separates the two maxiilaiy bones.) Inside the 
nasal eavity, you ean see one vomer bone and two inferior nasal eonehae bones. From a lat- 
eral view (Figure 6-3), you ean see two laerimal bones. From an inferior view (Figure 6-4), you 
ean see two palatine bones (making up the posterior 'A of the roof of the mouth). 




Figure 6-3: Lateral view of the faeial bones of the skull. 
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The laerimal bone is anterior to the ethmoid bone. The ethmoid bone is part of the cranium 
vvhereas the iaerimai bone (one on the other side, too) is part of the faeiai bones. 



Posterìor 

palantìne 


Figure 6-4: Inferior view of the faeial bones of the skull. 


The anterior palatine is not a separate bone. It is actually part of the maxillaiy bone. The poste- 
rior palatine, hovvever, is a separate bone divided in the middle by a suture. Therefore, there 
are tvvo posterior palatine bones. Figure 6-5 identifies some of the structures of the mandible. 



Figure 6-5: Features of the mandible. 
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Example Problems 

1. The lovver jaw is ealled the_. 

ansvver: mandible 

2. The upper jaw is eailed the_. 

ansvver: maxilla 

3. The eheek bones are ealled the_. 

ansvver: zygomatie bones 

4. The laerimal bone is loeated on the medial side of the eye soeket and is loeated 
_to the ethmoid bone. 

ansvver: anterior 

5. How many paired bones make up the faee?_ 

ansvver: 6 paired bones (maxilla, nasal, inferior nasal eonehae, zygomatie, laerimal, and 
palatine) 


Internal Ear Bones 

VVithin a bony ridge of the temporal bone (internal view of the skull) are six ossieles. There are 
three ossieles within eaeh temporal bone. These are the six smallest bones of the body. These 
bones are eonneeted to the tympanie membrane (ear drum) and to the hearing apparatus 
(eoehlea) of the ear. Beginning with the attaehment to the tympanie membrane is the mallens, 
inens, and then the stapes. In layman’s terms, these are referred to as the hammer, anvil, and 
stirnip. The stapes actually does look like a tiny stirrup. 


The Hyoid Bone 

There is only one hyoid bone. It is loeated in the larynx region and is snspended by ligaments 
and is a plaee of attaehment for muscles assoeiated with the tongue and larynx. 


Work Problems 

1. Name the faeial bone that makes up part of the nasal septum. 

2. The anatomieal name for the eheekbones is the_. 

3. The inferior nasal eonehae are loeated (use a direetional term)_to 

the vomer. 

4. The anterior palatine structures are not separate bones. They are actually a part of the 

bone. 
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5. VVhen you put your hand on the baek of your skull, your hand will be on the 
_bone. 

6 . There is one bone of the skull that does not eonneet to other bones. This bone is 
suspended by ligaments. VVhieh bone is it? 

7. VVhen sound waves enter the ear eanal, the waves will cause which ossiele to vibrate fìrst? 

8 . The structure on the mandible that makes up part of the hinge joint of the jaw is ealled the 


9. The eoronoid proeess of the mandible is loeated (use a direetional term) 
to the mandibular eondyle. 

10. VVhieh ossiele is eonneeted direetly to the tympanie membrane? 


Worked Solutions 

1. vomer 

2. zygomatie 

3. lateral 

4. maxilla (maxillary) 

5. oeeipital 

6. hyoid. This bone is suspended by ligaments. 

7. malleos 

8. mandibular eondyle 

9. anterior 

10. malleus 

Foramen of the Skull 

There are numerous foramen in the skull. The foramen are holes in the bones that permit the 
passage of blood vessels and/or nerves to and from the brain. Figure 6-6 identifies some of the 
foramen of the skull loeated on the inferior side. Figure 6-7 identifies some of the foramen on 
the anterior side of the skull. 
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Figure 6-7: Foramen of the skull, anterior view. 
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Example Pmblems 

1. The supraorbital foramen are loeated (use a direetional term)_ 

the orbit of the eye. 

answer: superior 

2. The infraorbital foramen are loeated on the_bone. 

answer: maxilla 

3. The mental foramen are loeated on the_bone. 

answer: mandible 

4. The jugular foramen are loeated mainly (use a direetional term)_ 

the earotid eanal. 

answer: posterior 

5. The foramen spinosum are loeated mainly (use a direetional term)_ 

the foramen ovale. 

answer: posterior 

The Thoraeie Cage 

The thoraeie eage is eomprised of the sternnm and the ribs. The follovving information dis- 
cusses eaeh eomponent of the thoraeie eage in more detail. 

The Sternum 

The sternum is referred to as the breast plate in layman’s terms. The sternum is made of three 
individual parts. The most superior part is the manubrium. The elaviele (eollar bone) eonneets 
to the manubrium and the shoulder. Inferior to the manubrium is the body of the sternum. The 
most inferior portion of the sternum is the xiphoid proeess. 

The Ribs 

There are 24 ribs (12 pairs). It is a myth when people believe that women have more ribs than 
men. Both sexes have the same number of ribs. All ribs are attaehed to the 12 thoraeie verte- 
brae. The anterior portion of rib pair number one attaeh to the manubrium. Rib pairs number 2 
through 7 have an anterior attaehment to the body of the sternum. Rib pairs number 8 through 
10 have an anterior attaehment to the eartilage of the rib above them. Rib pairs number 11 and 
12 do not have an anterior attaehment at all. 

The ribs are divided into two eategories. Rib pair numbers 1 through 7 are ealled true ribs and rib 
pair numbers 8 through 12 are false ribs. 

Anatomieally, the ribs ean also be divided in this manner: rib pair numbers 1 through 7 are veite- 
brosternal ribs. Rib pair numbers 8, 9, and 10 are ealled veitebroehondral ribs. These are the ribs 
that have an anterior attaehment to the eartilage of the rib above them. Rib pair numbers 11 and 12 
are ealled floating ribs because they do not have any anterior attaehment. 


to 


to 


to 
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The Vertebral Column 

The vertebral column eonsists of 24 individual vertebrae, one sacrum, and one coccyx. The fìrst 
seven vertebrae are ealled eervieal vertebrae. These make up the bones of our neek. The verte- 
brae in the thoraeie region are ealled the thoraeie vertebrae. There are tvvelve of those. Eaeh one 
has a pair of ribs attaehed to it. The last five vertebrae are the lumbar vertebrae. 

VVhen vievving the body from a lateral vievv, you vvill see that the vertebral column has four natural 
curves to it. The eervieal region is an anterior curve. The thoraeie region is a posterior curve. The 
lumbar region is an anterior curve. The sacrum and coccyx have a posterior curve. These curves are 
designed to support the body in an upright manner. Figure 6-8 shovvs hovv the curvatures help to 
support the body. 



Figure 6-8: Curvatures of the vertebral column. 

The line passing through the vertebrae represents the eenter of gravity. Because the line passes 
through the eervieal vertebra, those vertebrae support the vveight of the head. Notiee that the 
thoraeie vertebrae do not support the vveight of the body. The thoraeie vertebrae support the 
ribs. The rest of the line passes through the lumbar vertebrae. This means that the lumbar verte- 
brae support the vveight of the body. This is one reason vvhy the lumbar vertebrae are larger than 
the others. 

One of the reasons vvhy infants have a hard time standing up and vvalking is because their verte- 
bral curvatures are not the same as they are in the adult. The infant’s vertebral column is relatively 
straight, very little curvature. Therefore, there is more mass in front of the eenter of gravity eom- 
pared to behind the eenter of gravity. The infant ean topple over rather easy. 

All vertebrae have these parts: 

□ Spine of the vertebrae 

□ Transverse proeesses 

□ Body 

□ Lamina 
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□ Pediele 

□ Vertebral foramen (the lamina and pedieie make up the bonndaries of the vertebrai foramen) 
Figure 6-9 shovvs the parts of a typieai thoraeie vertebrae. 

Spìne 


Transverse proeess 
Lamina region 

Pediele region 
Vertebral foramen 

Body 

Figure 6-9: Vertebral parts. 

The follovving are the features of the eervieal vertebrae: 

□ eervieal number one is ealled the atlas. 

□ eervieal number tvvo is ealled the axis. 

□ All eervieal vertebrae have tvvo additional foramen in addition to the vertebral foramen. 

□ Those extra foramen are ealled transverse foramen. 

□ The axis is the only vertebra that has a structure ealled a dens. 

Here are the features of the thoraeie vertebrae: 

□ The spine of the thoraeie vertebrae angle inferiorly. 

□ There is a pair of ribs attaehed to eaeh thoraeie vertebra. 

The lumbar vertebrae have tvvo key features: 

□ The body of the lumbar vertebrae are larger than the other vertebrae. 

□ The spine of the lumbar vertebrae points straight posterior. 



Example Pmblems 

1. Hovv many pairs of ribs do men have eompared to vvomen? 
answer: Both sexes have 12 pairs of ribs. 
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2. The ribs attaeh to vvhieh set of vertebrae? 
ansvver: thoraeie vertebrae 

3. How many pairs of ribs attaeh to the xiphoid proeess of the sternum? 

ansvver: Ribs do not attaeh to the xiphoid proeess. The ribs are attaehed to the 
manubrium and the body of the sternum. 

4. VVhat is the name of the vertebra that is attaehed to the skuil? 
ansvver: atlas 

5. True or false: The rib eage is part of the axial skeleton. 
ansvver: true 


Work Problems 

1. eervieal vertebrae ean be identified from other vertebrae by the presenee of extra holes 

ealled_. 

2. The dens (odontoid proeess) is the anterior projeetion on which eervieal vertebra? 

3. Ribs that do not have a eonneetion to the sternum are ealled_. 

4. How many pairs of true ribs are there and of those true ribs, how many are eonsidered to 
be vertebrosternal? 

5. How many pairs of false ribs are there and of those false ribs, how many are eonsidered to 
be vertebroehondral? 

6 . The spinal eord passes through a large hole in the vertebrae ealled the 


7. The vertebral column has how many eervieal vertebrae? 

8 . Blood vessels and nerves pass through_of the skull to get 

to their destination. 

9. The largest foramen of the skull is the foramen_. 

10. The foramen spinosum is mostly (use a direetional term)_to the 

foramen ovale. 


Worked Solotions 

1. transverse foramen 


2. veitebra nnmber 2; the axis vertebra 
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3. false ribs. This would be a eombination of the vertebroehondral ribs and floating ribs. 

4. There are 7 pairs of true ribs and all 7 pairs are veitebrosternal. These have a more 
direet attaehment to the sternnm. 

5. There are 5 pairs of false ribs and 3 pairs (Nnmbers 8-10) are vertebroehondral. 

These attaeh to the eartilage of the rib snperior to it. 

6. vertebral foramen 

7. 7 

8. foramen 

9. magnnm 

10. posterior 

ehapter Problems and Solutions 

Problems 

1. In an adult, there are_natural curves in the vertebral column as seen from a 

lateral view. 

2. VVhat is the name of the bony structure that makes up part of the nasal septum? 

3. How many vertebrae are there (not counting the sacrum or coccyx)? 

4. The elaviele articulates with which part of the sternum? 

5. The jugular foramen is loeated mainly (use a direetional term)_to 

the earotid eanal (foramen). 

6 . True or false: There are 24 vertebrae and 24 ribs; there is one rib per vertebrae. 

7. The coccyx (tail bone) is attaehed to the_. 

8 . There are bony structures in the nasal eavity that are designed to cause air to swirl around 
before entering the traehea. This swirling aetion causes the air to warm up. VVhat are those 
structures ealled? 

9. VVhen a person gets whiplash, it is because they damaged which set of vertebrae? 

The area loeated between the transverse proeesses and the spinous proeess is ealled the 


10 . 
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Ansvvers and Solutions 

1. 4 

2. vomer 

3. 7 eervieal, 12 thoraeie, and 5 Inmbar = 24 

4. it artienlates with the manubrium of the sternum. 

5. posterior 

6. false. There are two ribs attaehed to eaeh thoraeie vertebrae (for a totai of 24 ribs). 

7. it attaehes to the sacrum. 

8. nasal eonehae 

9. eervieal vertebrae 

10. lamina 

Supplemental Ghapter Problems 

Problems 

1. Spina bifìda is a eondition vvhere the vvaiis of the vertebrai foramen do not form properiy. 

The deveioping ehiid’s spinai eord materiai vviii protrnde throngh the opening that is formed 
by this maiformation. VVhat tvvo structures make up the vvaii of the vertebrai foramen? 

2. Gaivaria is a term that refers to the skuii eap. True or faise: the zygomatie bones are part of 
the eaivaria. 

3. The foramen magnum is ioeated in vvhat bone of the skuii? 

4. The hinge of the iovver javv is eaiied the_. 

5. The roof of the mouth is made of the maxiiiaiy bone and aiso the_ 

bone. 

6 . The sacrum attaehes to vvhieh vertebrae? 

7. True or faise: The thoraeie vertebrae support the vveight of the body. 

8 . Hovv many pairs of faise ribs are there? 

9. Hovv many pairs of vertebrosternai ribs are there? 

10. VVhieh term is singuiar: vertebra or vertebrae? 
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Ansvvers 

1. the lamina and pedide 

2. faise. The zygomatie bone is part of the faeiai bones. 

3. oedpitai bone 

4. mandibuiar eondyle 

5. posterior paiatine bone 

6 . iumbar vertebrae 

7. faise. The iumbar vertebrae support the vveight of the body. The thorade vertebrae 
support the ribs. 

8 . There are 5 pairs of false ribs. 

9. There are 7 pairs of vertebrosternal ribs. 

10. vertebra 




The Appenclicular 
Skeletal System 


T he skeletal system is made of the axial skeleton and the appendienlar skeleton. This 
ehapter pertains to just the appendicular portion of the skeleton, vvhieh eonsists of the 

peetoral girdle (shoulder), the npper limbs, the pelvie girdle (hip), and the lower limbs. 


The Peetoral Girdle and Upper Limbs 

Table 7-1 lists the details of the appendicular skeleton eomponents of the upper body. 


Table 7-1 The Appendicular Skeleton—Upper Body 

Appendicu!ar Skeleton 

Upper Limbs 

Individaal Components 

Peetoral girdle 

Scapula and elaviele 

Spinous proeess 



Aeromion 



Goraeoid proeess 



Glenoid eavity 

Llpper limbs 

Humerus 

Head 



Greater tubercle 



Medial and lateral epieondyle 



Capitulum 



Troehlea 



Goronoid fossa 



Oleeranon fossa 


Radius 

Head 



Dorsal radial tuberosity 



Styloid proeess 


(continued) 
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Table7-1 1 

'he Appendicular Skeleton—Llpper Body (contínued) 

Appendicu!ar Skeleton 

Upper Limbs 

lndividual Gomponents 


Lllna 

Oleeranon proeess 



Troehlear noteh 



Styloid proeess 


Wrist (earpals) 

Gapitate 



Hamate 



Pisiform 



Triquetrum 



Lunate 



Seaphoid 



Trapezium 



Trapezoid 


Hand and fingers 

Metaearpals 



Phalanges 


□ eiavide: The elaviele eonneets to the manubrium of the sternum and the aeromion of the 
seapnla. Many times, you ean feei a bump on the top, iaterai edge of your shouider. This 
bump is the union of the eiavieie to the aeromion of the scapuia. 

□ Seapnla: You ean feei the spinons proeess of the scapuia. It is the posterior ridge that 
angles from the aeromion to the medial edge of the scapula. The glenoid eavity is at the lat- 
eral edge of the scapula and is the soeket portion of the ball-and-soeket joint of the shouIder. 
The aeromion of the scapula eonneets to the elaviele. 

□ Humerus: The head of the humerus fits into the glenoid eavity of the scapula. Lateral to 
the head is the greater tubercle. You ean feel the greater tubercle on your body by plaeing 
your finger on the lateral, superior edge of the humerus. At the inferior (distal) end of the 
humerus are two eondyles. These eondyles have speeial names. The lateral eondyle is the 
capitulum and the medial eondyle is the troehlea. Lateral to the capitulum is a rather large 
bump ealled the lateral epieondyle. Medial to the troehlea is the medial epieondyle. You 
ean feel these epieondyles on your own body. There is a groove between the medial 
epieondyle and the troehlea. When people hit this area, they say they’ve hit their “funny 
bone.” There is a nerve that passes through that area. This nerve is aetivated when it is hit. 
On the anterior side of the humerus, at the distal end, there is a depression ealled the 
eoronoid fossa. On the opposite side is a larger depression ealled the oleeranon fossa. 

□ Radius: There are two bones eomprising the Iower arm. The radius is the lateral bone and 
the ulna is the medial bone. When the hand is in the supinate position, the radius and ulna 
are parallel to eaeh other. When the hand is pronated, the radius erosses over the ulna. The 
head of the radius pivots on the capitulum. At the inferior (distal) end of the radius, there 
are bumps on the posterior side. These bumps are the dorsal radial tuberosity. The ante- 
rior side, at the distal end, is smooth, not bumpy like the posterior side. 
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□ Ulna: The ulna has a large bulge on the posterlor side ealled the oleeranon proeess. This is 
the elbovv. Anterior to the oleeranon proeess is a huge noteh ealled the troehlear noteh. 
The troehlear noteh pivots on the troehlea on the ulna. 

□ Wrlst: The vvrist is made of the eight earpal bones. The seaphold hinges vvith the radius 
and the lunate hinges vvith both the radius and the ulna. The eapítate is a rather large bone 
that is “in line” vvith metaearpal ill and the middle finger. Medial to the eapitate is the 
hamate. On the anterior side (palm side) the hamate has a hook. Medial to the hamate are 
tvvo bones; the plslform and trlquetrum. The pisiform is a small, round bone sitting on the 
triquetrum. Lateral to the pisiform (nearest the ulna) is the lunate. Lateral to the lunate 
(nearest the radius) is the seaphold. Nearest metaearpal 1 and in line vvith the thumb is the 
trapezlum. Betvveen the trapezium and the eapitate is the trapezold. 

□ Metaearpals: The “baek of the hand” eonsists of the metaearpals. The metaearpals are num- 
bered vvith Roman numerals beginning the most lateral metaearpal. Metaearpal 1 is in line 
vvith the pollex. The most inferior (distal) portion of the metaearpals makes up the “knucl<les” 
of the hands. 

□ Dlglts: The fingers and thumb are made of phalanges. The thumb has tvvo phalanges; 

proxlmal phalange and dlstal phalange. The other digits have three phalanges; proxlmal 
phalange, mlddle phalange, and dlstal phalange. 



Figure 7-1: Anterior skeleton, upper body. 
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Example Pmblems 

Use Figure 7-1 and the terms in Table 7-1 to ansvver the follovving questions in referenee to the 

anterior skeleton. 

1. What is the name for structure a? 
answer: greater tubercle 

2. What is the name for structure b? 
answer: medial epieondyle 

3. What is the name for structure e? 
answer: lateral epieondyle 

4. What is the name for structure d? 
answer: head of the humerus 

5. What is the name for structure e? 
answer: eoronoid fossa 

6 . What is the name for structure f? 
answer: troehlea 

7. What is the name for structure g? 
answer: capitulum 

Use Figure 7-2 and the terms in Table 7-1 to ansvver the follovving questions in referenee to the 

posterior skeleton. 

8 . What is the name for structure a? 
answer: spinous proeess of the scapula 

9. What is the name for structure b? 
answer: aeromion of the scapula 

10. What is the name for structure e? 
answer: oleeranon fossa 

11. What is the name for structure d? 
answer: dorsal radial tuberosity 

12. What is the name for structure e? 


answer: oleeranon proeess 
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Figure 7-2: Posterior skeleton, upper body. 


The Pelvie Girdle and Lower Limbs 

Table 7-2 lists the details of the appendicuiar skeieton eomponents of the iovver body, vvhieh are 
aiso shovvn in Figure 7-3. 


Table 7-2 The Appendicular Skeleton—Lower Body 

Appendicular Skeleton 

Lower Limbs 

lndividual Components 

Pelvie girdle 

Hip 

lliuin 



Pubis 



lschium 



Acetabulum 



Greater seiatie noteh 



Obturator foramen 


(continued) 
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Table 7-2 The Appendicular Skeleton—Lower Body (continued) 

Appendicu!ar Skeleton 

Lower Limbs 

lndividual Components 

Lower limbs 

Femur 

Head 



Greater troehanter 



Medial and lateral epieondyle 



Medial and lateral eondyle 



intereondylar fossa 


Patella 

(Knee eap) 


Tibia 

intereondylar tubercles 



Tibial tuberosity 



Medial malleolus 


Fibula 

Lateral malleolus 


Ankle (tarsals) 

Talus 



Calcaneus 



Navicular 



Medial cuneiform 



Intermediate cuneiform 



Lateral cuneiform 



Cuboid 


Foot and Toes 

Metatarsals 



Phalanges 


□ Hip: A eomplete hip is made of two iarge bones eaiied os coxae. Eaeh os coxae eonsists 
of the ilium, pubis, and ischium. The iiium eonsists of the iiiae erest, which is the snperior 
edge of the hip. The pubis is the area where the two os coxae join together anterioriy. 
Between the pubis bones of the two os coxae is a pad of eartiiage eaiied the pubic sym- 
physis. The portion of the hip that we sit on is the ischium. The iaterai portion of eaeh os 
coxae has a deep fossa eaiied the acetabuium. The acetabuium is the soeket portion of the 
baii-and-soeket joint of the hip. On the posterior edge of eaeh os coxae is a huge noteh 
eaiied the greater seiatie noteh. The seiatie nerve passes through this noteh. Inferior to the 
acetabulum is a huge hole ealled the obturator foramen. 

□ Femur: The head of the femur fits into the acetabulum. Lateral to the head is a huge bulge 
ealled the greater troehanter. You ean feel the greater troehanter on your body by plaeing 
your hands in the area ofyour pant’s poekets. At the inferior (distal) end of the femur are 
two eondyles. The iaterai eondyie is on the same side of the femur as the greater troehanter. 
The mediai eondyie is on the same side of the femur as the head. The two bulges on either 
side of the eondyles are the epieondyies. You ean feel the epieondyles as bulges on either 
side of the patella. Between the two eondyles is a large depression ealled the intereondyiar 
fossa. A portion of the anterior and posterior cruciate ligaments (ACL and PCL) attaeh in 
the intereondylar fossa region. 
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Figure 7-3: Anterior skeleton, lower body. 

□ Tibia: The lovver leg eonsists of two parallel bones. The lateral bone is the fibula and the 
medial bone is the tibia. The tibia hinges with the femur making a hinge joint. The superior 
top of the tibia eonsists of two bumps ealled the intereoneiyiar tnbereies. The ACL and PCL 
also attaeh to the intereondylar tubercles. On the anterior side (near the superior end) of the 
tibia is a roughened bulge ealled the tibiai tnberosity. At the distal end, on the medial side 
is a bulge. This bulge appears to be on the medial side of your ankle. It really isn’t a part of 
the ankle; it’s a part of the tibia. This bulge is ealled the medial malleolus. 

□ Fibnia: At the distal end of the fibula, on the lateral side, is the lateral malleolus. 

□ Ankie: There are seven tarsal bones eomprising the ankle. The tibia pivots on the talus. 

The large heel bone is the eaieanens. Anterior to the talus is the navieniar. Anterior to the 
navicular are three enneiform bones. The cuneiform bones are identified by position. The 
cuneiform bone on the medial side is the meeiiai enneiform. Lateral to it is the intermeeiiate 
enneiform. Lateral to it is the iaterai enneiform. Lateral to it is the cuboid bone. 

□ Metatarsais: The areh of the foot eonsists of the metatarsal bones. The metatarsals are iden- 
tified with Roman numerals. Metatarsal number I is the most medial bone. Metatarsal I is 

in line with the hallux. 

□ Digits: The toes and hallux are made of phaianges. The hallux has two phalanges: proximai 

phaiange and eiistai phaiange. The other digits have three phalanges: proximai phaiange, 
mieieiie phaiange, and eiistai phaiange. 
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Example Problems 

Use Figure 7-3 and the terms in Table 7-2 to ansvver the follovving questions in referenee to the 

anterior skeleton. 

1 . What is the name for structure a? 
answer: ilium 

2. What is the name for structure b? 
answer: greater troehanter 

3. What is the name for structure e? 
answer: patella 

4. What is the name for structure d? 
answer: tibial tuberosity 

5. What is the name for structure e? 
answer: medial malleolus 

6 . What is the name for structure f ? 
answer: ischium 

7. What is the name for structure g? 
answer: pubis 

8 . What is the name for structure h? 
answer: lateral malleolus 

9. What is the name for structure i? 
answer: medial epieondyle 

10. What is the name for structure j? 
answer: lateral epieondyle 

11 . What is the name for structure k? 
answer: lateral eondyle 

12. What is the name for structure 1? 


answer: medial eondyle 
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Work Problems 

1. The bones that make up the vvrist are eolleetively ealled_. 

2. The bones that make up the ankle are eolleetively ealled_. 

3. VVhat is the name of the bones that are loeated betvveen the vvrist bones and the 
knuckles? 

4. What is the name of the bones that are loeated betvveen the ankle bones and the toes? 

5. Deseribe the loeation of the fibula. 

6 . Deseribe the loeation of the radius. 

7. The head of the femur vvould be eonsidered a (lateral or medial) structure of the femur. 

8 . The tibial tuberosity is loeated on the_side of the tibia. 

9. The head of the femur and the_make up the ball-and-soeket 

joint of the leg. 

10. Identify the bone that eonsists of the lateral malleolus. 

Worked Solations 

1. earpals 

2. tarsals 

3. metaearpals 

4. metatarsals 

5. The flbula Is the lateral bone of the lower leg. 

6. The radlns Is the lateral bone of the antebrachlum. 

7. medlal 

8. anterlor 

9. acetabulum 

10. flbula 
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ehapter Problems and Solutions 

Problems 

1. VVhieh end of the elaviele attaehes to the sternum, the mediai end or the iaterai end? 

2. On your own body, ean you feei the mediai epieondyie or the capituium of the humerus? 

3. Is the distal, anterior portion of the radius smooth or rough? 

4. How many bones make up the peetoral girdle and upper limbs for the entire body? 

5. The acetabulum is a medial or a lateral structure of the os coxae? 

6 . A large fossa on the posterior side of the humerus is the_. 

7. Eaeh os coxae eonsists of three fused bones. They are the_, the 

_, and the_. 

8 . How many bones make up the pelvie girdle and Iower limbs for the entire body? 

9. The AehiIIes’ heel is a layman’s term. In anatomy, this tendon is actually the ealeaneal 
tendon. It is ealled the ealeaneal tendon because it attaehes to which of the tarsal bones? 

10. The sacrum provides the attaehment for which of the os coxae structures? 


Ansvvers and Solutions 

1. The medial end of the elaviele attaehes to the manubrium of the sternum. 

2. You ean feel the medial epieondyle of the humerus. The capitulum is eovered by 
muscle tissue. 

3. The distal, anterior portion of the radius is smooth. The distal, posterior portion has 
bumps on it ealled the dorsal radial tuberosity. 

4. There are 2 elavieles. There are 2 scapulae. There are 2 humerus bones, 2 radial bones, 
and 2 ulnar bones. There are 8 earpals per wrist and 5 metaearpals per hand. There are 
14 phalanges per hand as well. The total number is 64 individual bones. 

5. The acetabulum is a lateral structure. It is lateral so the head of the femur, which is a 
medial structure of the femur, ean fit into the soeket. 

6. The large fossa is ealled the oleeranon fossa. 

7. The three fused bones are: the ilium, the ischium, and the pubis. 

8. There are 2 os coxae, 2 femurs, 2 patellar bones, 2 tibial bones, and 2 fibnlar bones. 

There are 7 tarsals per ankle and 5 metatarsals per foot. The toes eonsist of 14 bones per 
foot. The totai number is 62 individual bones. 
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9. This tendon attaehes to the ealeanens, henee the anatomieal name for the tendon. 

10. The ilinm of the os coxae eonneets to the saenim. The pubis bones of the os coxae are 
attaehed to eaeh other via the pubic symphysis. 

Supplemental Ghapter Problems 

Problems 

1. The spinous proeess of the scapuia is an anterior or a posterior structure? 

2. The gienoid eavity of the scapuia is a laterai or a medial structure? 

3. VVhat is the name of the bony structure that is actuaily the elbovv? 

4. The eapitate is medial or lateral to the trapezoid? 

5. Metaearpal number_is assoeiated with the little flnger side? 

6 . The erest of the hip is part of which bony structure of the os coxae? 

7. The head of the femur is a medial or a lateral structure of the femur? 

8 . The medial malleolus is on which bone of the lower leg? 

9. The lateral cuneiform is medial to which tarsal bone? 

10. The greater troehanter is a medial or lateral structure of the femur? 

Ansvvers 

1. posterior 

2 . lateral 

3. oleeranon proeess 

4. medial 

5. V (Roman numerals are used) 

6 . ilium 

7. medial 

8 . tibia 

9. cuboid 
10. lateral 






The JVluscular System 


E very aetion the body takes utilizes a muscular aetivity. Some of the muscles of the body 
are under voluntary eontrol (skeletal muscles), and by using these muscles, you are able to 
respond to situations that, therefore, lead to survival. Some muscles are under involuntary 
eontrol. These muscles respond to situations automatically, vvhieh also leads to survival. The 
smooth muscles typieally are assoeiated with the internal organs of the body, whereas the skele- 
tal muscles are assoeiated with the muscles attaehed to the skeleton (such as the arms and legs). 
There is one tissue that is made of eardiae muscle, and that is the heart. The muscle of the heart 
eontraets involuntary but has a rhythmie pattern. This ehapter discusses the skeletal muscles. 


Seleet Muscles of the Faee 

Table 8-1 lists seleet muscles of the faee with a brief deseription of their loeation. Figure 8-1 
shows the seleet muscles of the faee. 


Table 8-1 Seleet Muscles of the Faee 

Muscle 

Deseríption ofLoeation 

Frontalis 

Loeated on the forehead 

Oeeipitalis 

Loeated on the oeeipital bone 

Temporalis 

Loeated on the temporal bone 

Orbieolaris oculi 

Eneireles the eye 

Orbicularis oris 

Eneireles the mouth 

Zygomaticus 

Extends from the eorner of the mouth to the zygomatie bone 

Risorius 

Extends from the eorner of the mouth straight posterior 

Masseter 

Loeated on the ramus of the mandible 
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Figure 8-1: Seleet muscles of the faee. 


Example Problems 

Use the deseription of the muscle loeation from Table 8-1 to identify the muscles on Figure 8-1. 

1. Muscle a is the_. 

ansvver: frontalis 

2. Muscle b is the_. 

ansvver: orbicularis oculi 

3. Muscle e is the_. 

ansvver: zygomaticus 

4. Muscle d is the_. 

ansvver: orbicularis oris 

5. Muscle e is the 


ansvver: risorius 
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6 Muscle f is the_. 

ansvver: masseter 

7. Muscle g is the_. 

ansvver: temporalis 

8 . Muscle h is the_. 

ansvver: oeeipitalis 


Seleet Muscles of the Arm 

Table 8-2 lists seleet muscles of the arm with a brief deseription of their loeation. Figure 8-2 
shows the seleet muscles of the arm. 


Table 8-2 Seleet Muscles of the Arm 

Muscle 

Deserìptìon ofLoeatìon 

Bieeps braehii 

Loeated on the anterior upper arm. 

Trieeps braehii 

Loeated on the posterior upper arm. 

Palmaris longus 

Loeated on the lower arm and extends to the eenter of the palm. 

Extensor digitorum 

Loeated on the lower arm and extends to the eenter of the baek of the hand. 

Pronator teres 

Loeated in the antecubital region. It pronates the hand by erossing the radius 
over the ulna. 

Supinator 

Loeated in the cubital region. It supinates the hand by making the lower arm 
bones parallel to eaeh other. 

Braehioradialis 

Loeated lateral to the elbow on the lower arm. 

Deltoid 

Loeated on the shoulder and attaehes to the upper arm. 
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3. Muscle e is the_. 

ansvver: pronator teres 

4. Muscle d is the_. 

ansvver: braehioradialis 

5. Muscle e is the_. 

ansvver: palmaris longus 

6. Muscle f is the_. 

ansvver: trieeps braehii 

7. Muscle g is the_. 

ansvver: supinator 

8 . Muscle h is the_. 

ansvver: extensor digitorum 


Seleet Mnseles of the Leg 

Table 8-3 lists seleet muscles of the leg with a brief deseription of their loeation. Figure 8-3 
shows the seleet muscles of the leg. 


Table 8-3 Seleet Muscles of the Leg 

Muscle 

Deseríptìon ofLoeatìon 

Sartorius 

Angles aeross the anterior side of the thigh. 

Rectus femoris 

Loeated in the eenter of the anterior thigh. 

Vastus medialis 

Loeated medial to the rectus femoris. 

Vastus lateralis 

Loeated lateral to the rectus femoris. 

Vastus intermedius 

Loeated posterior to the rectus femoris (under the rectus femoris). 

Bieeps femoris 

Loeated on the posterior thigh. It is the lateral of two parallel muscles on the 
posterior thigh. 

Semitendinosus 

Loeated on the posterior thigh. It is the medial of the two parallel muscles 
on the posterior thigh. 

Graeilis 

The most medial muscle of the thigh. 

Tibialis anterior 

Loeated on the anterior lower leg. 

Gastrocnemius 

Loeated on the posterior lower leg. 
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3. Muscle e is the_. 

ansvver: vastus lateralis 

4. Muscle d is the_. 

ansvver: rectus femoris 

5. Muscle e is the_. 

ansvver: vastus medialis 

6 . Muscle f is the_. 

ansvver: graeilis 

7. Muscle g is the_. 

ansvver: bieeps femoris 

8. Muscle h is the_. 

ansvver: semitendinosus 

9. Muscle i is the_. 

ansvver: gastroenemins 

10. In Figure 8-3, identify the muscle letter to vvhieh the vastus intermedius is posterior. 
ansvver: d. It is loeated posterior to the rectus femoris muscle. 


Seleet Mnseles of the Torso 

Table 8-4 lists seleet muscles of the torso with a brief deseription of their loeation. Figure 8-4 
shows the seleet muscles of the torso. 


Table 8-4 Seleet Muscles of the Torso 

Muscle 

Deseríptìon ofLoeatìon 

Peetoralis major 

Loeated on the ehest. 

Trapezios 

Loeated on the upper baek. 

Rectus abdominis 

Vertieal muscles on the abdomen. 

Latissimus dorsi 

Loeated on the lower baek. 

External oblique 

Loeated lateral to the rectus abdominis. 

Gluteus maximus 

Loeated in the gluteal region. 

Sternoeleidomastoid 

Extends from the manubrium of the sternum to the mastoid proeess of the 
skull. 
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3. Muscle e is the_. 

ansvver: rectus abdominis 

4. Muscle d is the_. 

ansvver: external oblique 

5. Muscle e is the_. 

ansvver: trapezius 

6. Muscle f is the_. 

ansvver: latissimus dorsi 

7. Muscle g is the_. 

ansvver: gluteus maximus 

Work Problems 

Identify the muscle being deseribed. Use the mnseles that are identified in Tables 8-1 throngh 8-4. 
1- This muscle is loeated on the frontal bone. 

2. This muscle is loeated in the eenter of the anterior antebrachium. 

3- This muscle is loeated on the crus (crural region). 

4- This muscle is loeated on the sura (sural region). 

5. This muscle is loeated lateral to the gluteal eleft. 

6- This is a rather large muscle loeated on the lateral side of the elbovv and radius. 

7. This muscle is loeated in the eenter of the anterior thigh. 

8 - When this muscle eontraets, it will cause the arm to move laterally. 

9. This muscle is loeated inferior to the trapezius. 

10- This muscle is loeated lateral to the rectus abdominis. 

Worked Solations 

1. frontalis 

2. palmaris longns 


3. 


ialis anterior 
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4. gastrocnemius 

5. gluteus maximus 

6. braehioradiaiis 

7. rectus femoris 

8. deitoid 

9. iatissimus dorsi 

10. externai obiique 


Muscle Structure 

In order to understand how muscles eontraet, one must understand the structure of muscles. 

The following information starts with the maeroseopie level of the muscle and ends with the 
mieroseopie level. 

Gonsider the bieeps braehii as an example. The entire, main body of the muscle is made of sev- 
eral muscie fascicuii. Eaeh fasciculus is made of muscie fibers (a muscle fiber is the same as a 
muscle eell). Eaeh muscle fiber is made of myofibrils. The myofibriis are protein molecules (aetin 
and myosin). 

Upon examination at the protein level, it is found that the myofibrils are arranged in a speeifie 
manner. Figure 8-5 shows this arrangement. 



1 2 3 4 1 


Figure 8-5: Muscle sareomeres. 

The thiek, dark lines represent myosin. The thin lines are aetin. Notiee that aetin and myosin 
overlap eaeh other is eertain areas. Area number 1 is ealled the Z line. Area number 2 is ealled 
the I band. The I band eonsists of aetin, spaee, aetin, spaee, aetin. Area number 3 is ealled the 
A band. The A band eonsists of overlapping aetin and myosin. It eonsists of aetin, myosin, aetin, 
myosin, aetin. Area number 4 is ealled the H band. It eonsists of: spaee, myosin, spaee, myosin, 
and so on. The span between one Z line and the next Z line is ealled a sareomere. Figure 8-6 
shows two sareomeres. Eaeh sareomere is a ftjnetional unit of muscle. 

Researehers notieed that when a muscle was stimulated to eontraet, the “empty spaee” of the 
I band got shorter. They began to study to determine what caused the I band to get shorter. It 
was found that the myosin myofilament also eonsisted of structures ealled eross-bridges. The 
eross-bridges extended (upon stimulation) and attaehed to aetin. Onee they attaehed to aetin, 
they pivoted, thereby causing aetin myofilament to move toward eaeh other. The myosin 
myofilaments are stationary; only the aetin moves. Because of the movement of the aetin, this 






ehapter 8: The Muscular System 


151 


proeess is ealled the sliding filament theory. Figure 8-6 shovvs the eross-bridges assoeiated 
with the myosin fiiaments. Those eross-bridges streteh and attaeh to the aetin myofilament. 
Figure 8-7 shows the eross-bridges aiready attaehed to aetin and in the pivoted position. 



Figure 8-6: Muscle sareomeres shovving eross-bridges. 



Figure 8-7: Muscle sareomeres shovving eross-bridge attaehment and pivot. 


Notiee that the I band got shorter, and the H band got shorter. The area of the overlap of aetin 
and myosin inereased. The Z lines are eloser together. The shortening of muscie sareomeres 
is muscle eontraetion. VVhen a muscle relaxes, the eross-bridges turn loose, and the aetin 
myofilament slide baek to their original position. 

Loeated on the aetin filament are binding sites for the eross-bridges to attaeh. These binding sites 
are originally bloeked by two other protein filaments. One is ealled troponin and the other is 
ealled tropomyosin. These two are typieally referred to as the troponin/tropomyosin complex. 
This complex must move out of the way to allow eross-bridges to bind to aetin. It has been found 
that calcium ions cause the troponin/tropomyosin molecules to move out of the way, thus 
exposing the binding sites so the eross-bridges ean attaeh. 

There is a eell organelle in the muscle eell ealled the sareoplasmie reticulum. This organelle 
stores calcium ions. A nerve impulse ultimately causes the sareoplasmie reticulum to release the 
calcium ions. The calcium ions then cause the troponin/tropomyosin complex to move out of 
the way to allow eross-bridges to bind to aetin. Onee the eross-bridges have attaehed to aetin, 
ATP is used to cause the eross-bridges to pivot, thus muscle eontraetion. 


Example Problems 

1. How many sareomeres are depieted in Figure 8-6? 

ansvver: two 

2. VVhen the eross-bridges pivot, they will cause the_ 

myofilament to move. 

answer: aetin. Myosin is stationary. 

3. VVhat ion has been found to be direetly involved in muscle eontraetion? 
answer: calcium ions (Ca^"^) 
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4. Upon eontraetion, the H band and the_band gets shorter. 

answer: I band 

5. Cross-bridges are a part of vvhieh myofiiament? 
answer: myosin 

ehapter Problems and Solutions 

Problems 

1. You ean feei two tendons in the popiiteai region. These tendons eonneet posterior thigh 
mnseies to the tibia. VVhat are those two mnseies? 

2. Identify the muscle that, when eontraeted, wouId flex the Iower arm. 

3. The area of the sareomere that eonsists of just myosin filaments is 

the_band. 

4. The area of the sareomere that eonsists of overlapping aetin and myosin filaments is the 
_ band. 

5. VVhen a muscle is not eontraeting, the binding sites on aetin are bloeked by what 
moIecuIar compIex? 

6. The sareoplasmie reticulum stores_ions. 

7. Identify the three types of muscle tissue in the body._, 

_, and_. 

8 . Identify the muscle that ean be found in the sural region._ 

9. In order to move the arm laterally, the muscle on the shouIder has to eontraet. VVhat is the 
name of that muscle? 

10. VVhieh muscle do trumpet players utilize? 


Ansvvers and Solutions 

1. bieeps femoris and semitendinosns 

2. bieeps braehii 

3. the H band 

4. the A band 

5. troponin/tropomyosin compiex 
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6 calcium 

7. skeletal, smooth, and eardiae 

8. gastrocnemius 

9. deltoid 

10. orbicularis oris 

Supplemental Ghapter Problems 

Problems 

1. Based on the loeation of the muscles, vvhieh muscle, from Table 8-1, allovvs you to raise 
one eorner of your lip? 

2. VVhieh muscle, loeated on the mandible (refer to Table 8-1) allovvs you to elose your mouth? 

3. Based on the loeation of the muscles, vvhieh muscle in Table 8-2 allovvs you to flex your 
vvrist? 

4. Based on the loeation of the muscles, vvhieh muscle in Table 8-2 allovvs you to plaee your 
palms in the anatomieal position? 

5. Based on the loeation of the muscles, vvhieh muscle in Table 8-3 pulls on the calcaneus 
thus allovving you to stand on your tippy-toes? 

6 . Based on the loeation of the muscles, vvhieh tvvo muscles in Table 8-3 allovvs you to flex 
your lovver leg? 

7. Based on the loeation of the muscles, vvhieh muscle in Table 8-4 allovvs you move your 
entire leg posteriorly? 

8 . Based on the loeation of the muscles, vvhieh muscle in Table 8-4 allovvs you tilt your head 
baekvvard? 

9. The troponin/tropomyosin complex molecules are mainly assoeiated vvith vvhieh 
myofilament? 

10. VVhat ion is neeessary for muscle eontraetion to occur? 

Ansvvers 

1. zygomaticus 

2 . masseter 


3. palmaris longus 
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4. supinator 

5. gastroenemias 

6 - semitendinosus and bieeps femoris 

7- gluteus maximus 

8 . sternoeleidomastoid 
9- aetin 
10 . calcium ion 




General Nervons System 


T he nervous system is very complex and is, therefore, subdivided into two major groups. 
One is the eentral nervous system (CNS), and the other is the peripheral nervous system 
(PNS). In order to understand the nature of the CNS, you must first gain an understanding 
of the basie structure of the main ftjnetional unit of the nerves. This ehapter discusses the struc- 
ture of the neurons. 


Neurons 

The eells that eomprise the nervous system are of two major types; one is ealled a neuron and the 
other is the neuroglia. Table 9-1 lists the parts of a neuron with a brief deseription of eaeh part. 


Table 9-1 Neuron Information 

Neuron Structure 

Bríef Deseríp tìon 

Soma 

This is the main eell body of the neuron. 

It eonsists of a nucleus and eell organelles. 

Does not have any eentrioles and therefore laeks the ability to reproduce 
or repair. 

Axon 

This is the long, single extension of the soma. 

The end of the axon will innervate with a muscle or gland for example. 
Axons in the peripheral nervous system ean repair slowly. 

Dendrite 

These are short and variable extensions of the soma on the opposite side 
of the axon. 

Presynaptie vesiele 

This is a vesiele loeated at the end of the axon. 

It eonsists of neurotransmitters. 

One main neurotransmitter is aeetyleholine. 


The membrane of the dendrites and soma are sensitive to ehanges in the environment. Onee the 
membranes have been stimulated, an impulse may occur. The impulse will travel down the axon 
to its destination. 

Figure 9-1 shows a simplified view of a neuron and an impulse traveling through it. 
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Figure 9-1: Simplified neuron. 


The lmpulse 

The outer surface of the neuron membrane eonsists of numerous positive ions. These are mainiy 
sodium ions (Na^) and caicium ions (Ca^"^). In many eases, there may be several neurons in se- 
quence. Betvveen eaeh neuron, there is a small gap ealled the synapse. A neuron that eonsists of 
positive ions on the outside of the membrane is said to be a polarized nerve. Figure 9-2 shovvs 
a polarized neuron and the synapse. 



VVhen the membrane of the dendrite is aetivated by a stimulus, Na'"^vviII enter. These ions vvill 
difftjse along the membrane of the dendrite and soma (in the ICF region). VVhen the ions reaeh 
the junction of the soma and axon (an area ealled the axon hilloek), the membrane beeomes 
very permeable to Na'"^. There is a tremendous influx of Na'^ in the axon. The ions in the ECF of 
the axon vvill enter the axon in a domino fashion. Therefore, vvhen one positive ion enters (the 
proeess is ealled depolarization) an adjaeent positive vvill then enter. This vvill then cause the 
next positive ion to enter and so forth. As eaeh ion enters the neuron, a vvave-Iike aetivity 
occurs. This vvave-Iike aetivity is the impulse. This traveling vvave of aetivity is knovvn as the 
aetion potential. 

Use this analogy to help understand depolarization and the impulse: Think of the positive ions as 
dominoes. VVhen one positive ion enters the neuron, it causes the next ion to enter and then the 
next, and so on. VVhen you push one domino over, it causes the next domino to fall, and so on. 
As you vvateh eaeh domino fall, you see a vvave-Iike aetivity. Figure 9-3 shovvs a depolarized neu- 
ron in sequence. To simplify this vievv, some of the dendrites have been removed. 
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Figure 9-3: Depolarized neuron. 

Figure 9-3a shovvs a polarized neuron. The neuron is stimulated and, therefore, one positive ion 
begins to enter the dendrite. This is the beginning of depolarization. This ion diffijses to the axon 
region. Figure 9-3 b shovvs depolarization of the axon. The dotted arrovv shovvs the movement of 
the impulse dovvn the axon. Figure 9-3c shovvs more ions entering. The dotted arrovv shovvs the 
impulse traveling a little farther dovvn the axon. This proeess continues until the impulse reaehes 
the end of the axon. At the end of the axon, there vvill be an influx of positive ions but in this ease, 
it vvill be calcium ions. Calcium ions target the presynaptie vesiele and cause the vesiele to release 
the neurotransmitter into the synapse area. Figure 9-4 shovvs the release of the neurotransmitter. 



Figure 9-4: The release of the neurotransmitter. 

As soon as the neurotransmitter (in this ease, aeetyleholine) is released from the presynaptie 
vesiele, it enters into the synaptie region. It flovvs aeross the synapse and eomes in eontaet vvith 
the membrane of the next neuron in line. As soon as it stimulates the membrane of the next 
neuron, it causes depolarization of the next neuron in sequence, and the impulse continues on 
to its destination. 

In order to use the neurons a seeond time, all the positive ions must leave the neuron and 
go baek to the extracellular regions (outside of the neuron). Also, the neurotransmitter must be 
deeomposed so it too leaves the synapse. Basieally, everything needs to go baek to its original 
position. The proeess of returning the ions to the ECF region is ealled repolarizatlon. This is an 
aetive proeess and requires ATP. 

The dendrite end releases an enzyme ealled aeetylehollnesterase. This enzyme vvill deeompose 
aeetyleholine to form aeetate and eholine. Aeetate and eholine ean then be reabsorbed into the 
presynaptie vesiele to reeombine and make more aeetyleholine. Figure 9-5 shovvs repolarization 
and the breakdovvn of the neurotransmitter. 
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Figure 9-5: Repolarization. 

After repolarization and after the breakdovvn of aeetyleholine, everything has returned to the 
original state. The positive ions are baek to the ontside of the membrane to the polarized eondi- 
tion. The aeetyleholine is deeomposed so the synapse region is elear onee again. Now the same 
set of neurons ean be used again. 


Example Pmblems 

1. VVhat are the three major parts of a neuron? 
answer: dendrite, soma, and axon 

2. The proeess where by the positive ions are entering into the neuron is ealled 
answer: depolarization 

3. Aeetyleholine is a neurotransmitter and_is an 

enzyme that breaks down aeetyleholine. 

answer: aeetyleholinesterase 

4. Identify the direetion that an impulse will travel through a neuron:_, and 

then through the_, and then through the_. 

answer: dendrite, soma, and axon 

5. VVhat is the ion that is involved in causing the presynaptie vessel to release the 
neurotransmitter? 

answer: calcium ions (Ca^^) 


Work Problems 

1. The axon end (presynaptie vesiele) releases_and the 

dendrite end releases_. 

2. Give the name of a neurotransmitter and give the name of the enzyme that breaks down 
that neurotransmitter. 
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3. How many axons typieally extend from the soma? 

4. In order for a neuron to be used again, it must first_. 

5. Most of the positive ions assoeiated with a neuron are_and_ions. 

6 . VVhat initially causes positive ions to begin entering the neuron? 

7. VVhen a neuron repolarizes, it causes the neuron to return to the_state. 

8 . Upon depolarization, the positive ions enter into the (ICF or ECF)? 

9. Upon release, neurotransmitters will stimulate what portion of the next neuron? 

10. VVhat is the name of the energy moIecuIe required to get the positive ions baek to the 
ECF area? 


Worked Solutions 

1. a neurotransmitter; an enzyme to break down the neurotransmitter 

2. aeetyleholine; aeetyleholinesterase 

3. There ean be several dendrites but generally just one axon. 

4. repolarize 

5. sodium ions and ealeinm ions (Na"^ and Ca^"^) 

6. a stimulus 

7. polarized 

8. iCF, intracellular fluid region 

9. the dendrite of the next neuron 

10. ATP (adenosine triphosphate) 


One-Way Transmission 

The nervous system is designed to ultimately proteet the body from harm. To ensure this, it is 
imperative that the impulses travel one direetion through a neuron to arrive at the eorreet desti- 
nation. If impulses were aIIowed to travel in any direetion within a neuron, ehaos wouId result. 
An impulse travels in this manner: 

1. The dendrite end is stimulated. 

2. Depolarization occurs, and positive ions diffijse toward the axon region (speeifieally the 
axon hilloek). 
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3- After the ions have arrived at the axon, the axon is depolarized, thus having numerous 
sodium ions entering the ICF in a domino fashion. 

4. An impulse is traveling through the axon. 

5. At the axon end, a neurotransmitter is released from the synaptie vesiele. 

6 - The neurotransmitter goes aeross the synapse and stimulates the dendrite of the next 
neuron. 

7- The impulse continues traveling through the next neuron in the same manner. 

Now, take a look at the seenario if the impulse were to travel the opposite direetion: 

1. Depolarization occurs in the axon. 

2. The impulse travels from the axon through the soma. 

3. The impulse travels on through the dendrite. 

4- In order for the impulse to get aeross the synapse, there has to be a neurotransmitter. 

5. The dendrite end does not have neurotransmitters. 

6 - The dendrite end only has enzymes to break down neurotransmitters. 

7. The impulse eannot reaeh any destination by traveling from the axon, through the soma, 
and through the dendrite. 

The impulse must travel toward the axon end (presynaptie vesiele region) in order to be able to 
successfully eross the synapse to continue its journey to its destination. 


AII-or-None Prineiple 

This prineiple states that if a stimulus is strong enough to cause depolarization, the entire neuron 
will depolarize in succession. An impulse will travel the length of the neuron. If a stimulus is not 
strong enough to cause depolarization, an impulse will not even begin. An impulse will not 
travel part way through an axon, and then quit. It goes all the way or not at all. 


Threshold 

Threshold ean be defined as the amount of stimnli required to cause depoiarization. If a person 
has a high threshold, they will, therefore, require more stimuli in order to have depolarization 
and therefore in order to respond to something. A neuron with a Iow threshold will have depo- 
larization with veiy little stimuli. VVhenever a doetor gives a patient a drug that numbs the feel- 
ing, the drug actually raised the threshold of the neuron to the point where depolarization is not 
occurring. Without depolarization, an impulse will not occur. Without an impulse, the brain does 
not sense any pain. 


Example Problems 

1. What causes depolarization? 


ansvver: A stimulus of some sort. 
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2. VVhieh end of the neurons eonsists of the synaptie vesieie? 
ansvver: The axon end. 

3. Deseribe the direetion an impuise must travei in order to reaeh it destination. 
ansvver: The impuise must travei through the axon tovvard the presynaptie vesieie. 

4. An impuise eannot get aeross the synapse from the dendrite end because dendrites do 

not reiease_. 

ansvver: neurotransmitters 

5. A iot of stimuii is required for depoiarization to occur if the patient has a (high or iow) 
threshoid ievei. 

ansvver: high 


The Neuroglial Cells 

There are a variety of neurogiiai eeiis. These eeiis do not conduct impuises. They serve to 
proteet the neurons. The most notabie neurogiiai (giiai) eeii is the Sehvvann eells. These eeiis 
wrap around the axon, thus proteeting it. These eeiis form a myeiin sheath around the axon. 
Figure 9-6 shows the arrangement of the Schwann eeiis around the axon. 



Schwann eell Node Internode 


Figure 9-6: Sehvvann eells. 

Figure 9-6 shows four Schwann eeiis wrapping around the axon. These eeiis form a myelln 
sheath. The node is the area of the axon that is not eovered by a myeiin sheath and is, there- 
fore, unmyeiinated. The Schwann eeiis form internodes. These are areas between the nodes. 
Because the internode areas are eovered by Schwann eeiis, they are myeiinated. 

Nerves 

Nerves are bundies of axons. Axons ean be mieroseopie, such as those found assoeiated with 
the brain, whiie some axons ean be extremeiy iong, such as the seiatie nerve. Typieaiiy when we 
think of a nerve, we think of the nerves assoeiated with the peripherai nervous system. This is 
the system of nerves emerging from the brain or spinai eord and extending to the periphery of 
the body. The axons of many nerves are myeiinated such as deseribed in Figure 9-6. 
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Work Problems 

1. The myelin sheath that is formed around the axon of some nenrons is made of eells ealled 


2. If a dentist pokes on a patient’s tooth, an impulse will travel to the brain and the brain 

will interpret pain. To prevent this interpretation, the dentist will give the patient some 
Novoeain. Novoeain prevents the brain from making any interpretation because Novoeain 
will_the threshold level. 

3. The nervous system is made of neurons and neuroglial eells. Schwann eells are what type 
of eell? 

4. The Schwann eells typieally surround and therefore proteet the (axon, soma, dendrite). 

5. The node assoeiated with myelinated neurons is actually the exposed_. 

6 . If the stimulus is below the threshold level,_will not occur. 

7. Nerves are actually bundles of_. 

8 . When an “impulse” is going aeross the synapse, it is traveling one direetion only. It travels 

from the (axon end or dendrite end)_of one neuron to 

the (axon end or dendrite end)_of the next neuron in 

sequence. 

9. Aeeording to the all-or-none prineiple, onee depolarization occurs, there will be an 


10. Isolating and therefore proteeting the nervous system is the ftjnetion of what type of 
neural eells? 


Worked Solotions 

1. Sehvvann eells 

2. ralse 

3. nenrogllal eells 

4. axon 

5. axon 

6. depolarlzatlon 

7. axons 

8. axon end of the flrst nenron to the dendrlte end of the next nenron 

9. Impnlse 

10. gllal eells (nenrogllal eells) 
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ehapter Problems and Solutions 

Problems 

1. VVhieh part of the neuron is typieaiiy myeiinated? 

2. The ions needed to get the neurotransmitter into the synaptie region are_. 

3. The minimum amount of stimuius required to ereate depoiarization is knovvn as the 

4. VVhat is the prineipie that states that onee depoiarization has occurred, an impuise wiii 
travei to its destination? 

5. Difftjsion of sodium ions occurs in the dendrites upon aetivation. VVhere does the aetion 
potentiai occur within the neuron? 

6 . Most neurons iaek eentrioies. Therefore, neurons eannot undergo_. 

7. Muitipie seierosis is a demyeiinating disease. Therefore, muitipie seierosis is the 

destruction of the_eeiis that proteet the neurons. 

8 . Ceii organeiies are ioeated in which part of a neuron?_ 

9. VVhat is the name of the gap ioeated between neurons or between a neuron and an organ? 

10. in the synapse, the “impuise” eannot travei from the dendrite end to the axon of the next 
neuron because the dendrite does not reiease a_. 

Ansvvers and Solutions 

1 - The axon is typieally proteeteel by the Schwann eells. The Sehvvann eells from the 
myelin sheath. 

2. ealeinm ions 

3. threshold level 

4. all'Or-none prineiple 

5. in the axon 

6. Beeanse they laek eentrioles, they eannot prodnee spindle flbers. Without spindle 
fibers, they eannot undergo eell reproduction. 

7. nenroglial eells or Schwann eells 

8. Cell organelles are loeated in the soma. 

9. synapse 

10. nenrotransmitter 
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Supplemental Ghapter Problems 

Problems 

1. The eells involved in proeessing information are ealled_, vvhile the 

eells involved in proteeting those eells are ealled_. 

2. The eells involved in transferring information to different parts of the body are ealled 


3. The spaee betvveen eaeh neuron is ealled a_. 

4. Novoeain ereates “nnmbness” in the nerves by preventing the positive ions from entering 

the neuron. Therefore, Novoeain inhibits the aetion ealled_. 

5. True or false: A drug that inhibits depolarization could cause paralysis._ 

6 - inseetieides inhibit the aetion of aeetyleholinesterase. Therefore,_ 

eannot be deeomposed in the synapse thereby resulting in nerve malfunction. 

7. Nieotine is a drug that mimies aeetyleholine and therefore could aet as a_ 

and cause depolarization of the neurons. 

8. Gaffeine is a drug that ean cause some people to develop the “shakes” by having 

unwanted muscle eontraetion. This is because eaffeine causes the neuron membrane to 
beeome veiy permeable to positive ions. This means that eaffeine makes depolarization 
(easier or more difficult)_to occur. 

9- Tetradotoxin is a seafood toxin that prevents sodium ions from entering the neuron. 
Therefore, the toxin inhibits the aetion ealled_. 

10- The proeess of reestablishing the sodium ions in the ECF region of the neuron is ealled 


Ansvvers 


1 . neurons; glial 

2 . neurons 

3. synapse 

4. depolarization 

5. true. Without depoiarization, an impuise wili not occur. 

6 . aeetyleholine 

7. stimulus 
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8 . easier 

9. depolarization 

10. repoiarization 





The Gentral Nervons System 


T he entire nervous system is divided into two major divisions. One is the eentrai nervons 
system (CNS) and the other is the peripherai nervons system (PNS). The eentrai nervons 
system is eomprised of the brain and spinai eord, whiie the peripherai nervous system is 
eomprised of the nerves that go to and from the CNS. The peripherai nerves are assoeiated with 
the periphery of the body. This ehapter discusses the brain and the spinai eord. 


The Brain 

When we first study the brain, we typieaiiy view the externai aspeets of the brain. Tabie 10-1 
iists a few seieet features of the externai view with a brief deseription of the ioeation for eaeh. 


Table 10-1 External Brain 

Brain Region 

Loeation 

Frontal lobe 

This area of the brain is assoeiated with the frontal bone of the skulL 

Oeeipital lobe 

This area of the brain is assoeiated with the oeeipital bone of the skulL 

Parietal lobe 

This area of the brain is assoeiated with the parietal bone of the skulL It is 
loeated between the frontal lobe and the oeeipital lobe. 

Temporal lobe 

This area of the brain is assoeiated with the temporal bone of the skulL 

Limbie lobe 

This is the only lobe of the brain that is loeated on the inside of the brain. 

Longitudinal fissure 

This is the deep groove that goes the length of the brain. It separates the left 
hemisphere with the right hemisphere and is therefore a sagittal fissure. 

Lateral eerebral fissure 

This is a deep groove that divides the temporal lobe with the rest of the 
brain. It is on the lateral side of the brain. 

Sulcus 

These are the little grooves in the brain. The plural form of the word is sulci. 

Gyrus 

These are the little ridges found on the brain. The plural form of the word 
is gyri. 

Cerebellum 

This structure is loeated mainly inferior to the oeeipital lobe of the brain. 

Pons 

As you examine the brainstem, the first big bulge you encounter is the pons. 

Medulla oblongata 

Inferior to the pons is a smaller bulge ealled the medulla oblongata. 
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Figure 10-1 shovvs the external view of the brain and has letters pointing to the varions structures 
identifìed in Table 10-1. Figure 10-2 shows the internal, sagittal view of the brain and has letters 
identifying the various lobes identified in Table 10-1. 



Figure 10-1: External view of the brain. 



Figure 10-2: Internal view of the brain. 













ehapter 10: The Gentral Nervous System 169 

Example Problems 

Ansvver the follovving questions in referenee to Figure 10-1 and 10-2 and Table 10-1. 

1 - Based on the deseription in Table 10-1, what is the name of brain area a on Figure 10-1 
and 10-2? 

answer: frontal lobe 

2. Based on the deseription in Table 10-1, what is the name of brain area b on Figure 10-1 
and area d on Figurel0-2? 

answer: temporal lobe 

3- Based on the deseription in Table 10-1, what is the name of brain structure e? 
answer: pons 

4- Based on the deseription in Table 10-1, what is the name of brain structure d? 
answer: medulla oblongata 

5- Based on the deseription in Table 10-1, what is the name of brain area e on Figure 10-1 
and area b on Figure 10-2? 

answer: parietal lobe 

6 . Based on the deseription in Table 10-1, what is the name of brain area f on Figure 10-1 
and area e on Figure 10-2? 

answer: oeeipital lobe 

7. Based on the deseription in Table 10-1, what is the name of brain structure g? 
answer: cerebellum 

8. What is the name of area e on Figure 10-2? 
answer: limbie lobe 

The Brain's Five Major Divisions 

The brain has been divided into five major divisions. Eaeh division is made of a variety of parts. 
Tabie 10-2 lists the five divisions and a few seleet parts assoeiated with eaeh division. 


Table 10-2 Brain Divisions and Assoeiated Structures 

Brain Division 

5e/ecf Parts Assoeiated with the Division 

Teleneephalon 

The eerebrnm is the main part of this division. The eerebrom eonsists of the 
varions lobes discussed previously. 

Dieneephalon 

This division eonsists of the thalamus and hypothalamus. The hypothalamus is 
loeated slightly inferior and anterior to the thalamus. 


(eontinaed) 
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Table 10-2 Brain Divisions and Assoeiated Structures (continued) 

Brain Division 

Seleet Parts Assoeiated with the Division 

Meseneephalon 

This division eonsists of the midbrain region. This region is loeated betvveen 
the thalamus and the pons. 

Meteneephalon 

This division eonsists of the cerebellum and the pons. The cerebellum is infe- 
rior to the oeeipital lobe and is posterior to the pons. 

Myeleneephalon 

This division eonsists of the medulla oblongata. The medulla oblongata is the 
small bulge loeated inferior to the pons. 


Figure 10-3 is a sagittai view of the brain. The brain divisions are identifìed by numbers. The 
numbered leader lines are pointing to the various structures discussed in Talaie 10-2. 



Figure 10-3: The brain divisions. 


Example Pmblems 

Answer the following questions in referenee to Figure 10-3 and Table 10-2. 

1. Based on the deseription in Table 10-3, what is the name of the brain division identified by 
area a? 

ansvver: teleneephalon 

2. Based on the deseription in Table 10-3, what is the name of the brain division identified by 
area b? 


answer: dieneephalon 
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3. Based on the deseription in Tabie 10-3, what is the name of the brain division identified by 
area e? 

answer: meseneephaion 

4. Based on the deseription in Tabie 10-3, what is the name of the brain division identified by 
area d? 

answer: meteneephaion 

5. Based on the deseription in Tabie 10-3, what is the name of the brain division identified by 
area e? 

answer: myeieneephaion 


Other Structures of the Brain 

Other structures of the brain that ean be seen from a sagittai view (see Figure 10-4) are identified 
and deseribed in Tabie 10-3. 


Table 10-3 Sagittal View of the Brain 

Brain Structure 

Bríef Deseríption 

Cerebrum 

This is the major part of the brain. 

It eonsists of folds (gyri) and valleys (sulci). 

Corpus callosum 

This is curved, elongated white matter that eonneets the two hemispheres together. 

Fornix 

This structure is a group of nerves that appear to extend inferiorly to the corpus 
callosum but is not eonneeted to the corpus callosum. 

Lateral ventriele 

This ventriele is a eavity that is filled with fluid. It is loeated between the corpus 
callosum and the fornix. 

ehoroid plexus 

This is a group of eells that are loeated jost on the inferior border of the fornix. 
These eells produce eerebrospinal fluid. 

Pituitary gland 

This is a small gland that is loeated inferior and eonneeted to the hypothalamus. 

Limbie lobe 
(limbie system) 

This lobe is an elongated gyrus that is loeated immediately superior to the 
corpus callosum. 

Thalamus 

This is a general area that is loeated inferior to the corpus callosum and the fornix. 

Hypothalamus 

This is a general area that is loeated slightly inferior and slightly anterior to the 
thalamus. 

Pituitary gland 

The pituitary has a stalk that attaehes it to the inferior portion of the hypothalamus. 

Pons 

As you deseend the brain stem, you encounter a rather large bulge. This first 
large bulge is the pons. 

Medulla oblongata 

Inferior to the pons is a smaller bulge ealled the medulla oblongata. 

Midbrain 

Loeated between the pons and thalamus region. 

Cerebellum 

This structure is loeated inferior to the oeeipital lobe of the brain. 
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Figure 10-4 shovvs the sagittal view of the brain and has nnmbers on the varions structures identi- 
fìed in Tabie 10-3. 
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Figure 10-4: Sagittal view of the brain 


Example Pmblems 

Answer the following questions in referenee to Figure 10-4. 

1. Based on the deseription in Tabie 10-4, what is the name of the brain part identified by the 
area a? 

answer: cerebrum 

2. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by 
area b? 

answer: iimbie iobe 

3. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area e? 

answer: corpus caiiosum 

4. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area d? 

answer: fornix 

5. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area e? 


answer: iaterai ventrieie 
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6 . Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area f? 

answer: thaiamns 

7. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area g? 

answer: hypothaiamns 

8 . Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area h? 

answer: midbrain 

9. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area i? 

answer: pons 

10. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area j? 

answer: cerebeiium 

11. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area k? 

answer: pituitary giand 

12. Based on the deseription in Tabie 10-3, what is the name of the brain part identified by the 
area i? 

answer: meduiia obiongata 

Tabie 10-4 iists a few seieet brain structures or regions and deseribes a brief ftjnetion for that part 
or region. 


Table 10-4 Fnnetions of the Varioos Brain Structures 

Brain Structure 

Bríef Function 

Frontal lobe 

This portion of the brain eontrols many of the fine motor movements. 

Oeeipital lobe 

This lobe is involved in the interpretation of vision. 

Temporal lobe 

This lobe is involved in interpreting odors and hearing. 

Parietal lobe 

This lobe is involved with the interpretation of all senses except hearing, 
smelling, and vision. 

Limbie lobe 

This lobe is involved in long-term memory. 


(continued) 
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Table 10-4 Functions of the Various Brain Structures (contínued) 

Brain Structure 

Bríef Function 

Corpus callosum 

This group of nerves eonneets the two hemispheres together. 

It also provides communication between the two hemispheres. 

Medulla oblongata 

This structure eontrols the rhythmie pattern of the heart rate and breathing. 

This structure also causes you to cough or sneeze in an effort to expel possible 
irritants, thereby proteeting the lungs. 

Pons 

This structure alters the rhythmie pattern of the heart rate and breathing. 

Cerebellum 

lnstructions from the cerebrum tell the body to start walking. 

This information is sent to the cerebellum, and the cerebellum actually earries 
out the task of walking. 

The cerebellum ensures that the body moves in a eoordinated manner. 

Midbrain 

This region eontrols muscle tone. 

This region also eontains nerves referred to as the reticular aetivating system (RAS). 
This system keeps us alert. 

Thalamus 

This structure aets as a relay station, thereby taking external information and 
sending it to various parts of the cerebrum for storage. 

Hypothalamus 

This structure eonsists of nerves that are involved in deteetion of thirst. 

It also is involved with various behavior eharaeteristies. 


Work Problems 

1. What is the name of the structure that eonneets the right hemisphere with the left 
hemisphere? 

2. The pons is loeated_(use a direetional term) to the 

medulla oblongata. 

3. Identify the structure that earries out the functions of the cerebrum in a niee, smooth, 
eoordinated manner. 

4. Identify the lobe that is involved in interpreting vision. 

5. The infundibulum is the name of the stalk that eonneets the pituitary gland to the 

6 - Which lobe is responsible for long term memory? 

7. Which lobe allows us to piek up a peneil and use our fine motor skills? 

8 . The limbie lobe is part of which brain division? 

9. The_is a cluster of eells that will produce the eerebrospinal 

fiuid. 

10- A rather large fiuid filled eavity of the brain is ealled the_. 
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Worked Solutions 

1. corpus callosum 

2. superior 

3. cerebellum 

4. oeeipital lobe 

5. hypothalamus 

6. limbie lobe 

7. frontal lobe 

8. teleneephalon 

9. ehoroid plexus 

10. lateral ventriele 


The Spinal Cord 

The spinal eord serves as a major pathvvay for impulses to travel to the brain for the interpretation 
of data and also away from the brain to cause response. The pathways are typieally referred to as 
traets (aseending traets and deseending traets). The spinal eord also eolleets some information and 
relays it direetly to some body organ or tissue to ereate a response. In other words, the brain is 
not always involved. 

The following bullet list outlines some aspeets of the spinal eord in its entirety. 

□ The spinal eord extends from the brain (medulla oblongata region) to the first lumbar 
vertebrae. 

□ The distal end eomes to a point (elose to lumbar vertebrae number one) ealled the conus 
medullaris. 

□ From the conus medullaris region, the spinal eord forms numerous branehes ealled cauda 
equlna (because it looks like a horse’s tail). 

□ There is one lone fìlament that extends into the coccyx region ealled the fllum termlnale. 

□ There are 31 pairs of nerves that braneh off the spinal eord. 

□ There are 8 eervieal spinal nerves, 12 thoraeie spinal nerves, 5 lumbar spinal nerves, 5 saeral 
spinal nerves, and 1 eoeeygeal nerve. 

□ There are 8 eervieal spinal nerves but only 7 eervieal vertebrae. Spinal nerve number 1 
emerges from between the skull and eervieal vertebrae 1. 

□ The 5 saeral nerves pass through the foramen on the sacrum. 

□ In a transverse view, gray and white matter ean be seen. The white matter surrounds the 
gray matter. 

□ The axons in the spinal eord give the white matter its name. It is the axons that form the 
traets that aseend or deseend the spinal eord. 
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□ The aseending traets transmit sensory information to the brain. 

□ The deseending traets transmit motor information away from the brain. 

Figure 10-5 shows the spinal nerves branehing off the spinal eord. Only the right side is shown. 




Ci through Cq 


Ti through T12 


Li through L5 


$1 through 


Filum termlnale 


Figure 10-5: The spinal eord and spinal nerves. 


Nerve Plexuses 

The nerves branehing off the spinal eord ean braneh some more and also merge together. As the 
nerves merge together, they form a braided network. This braided network of nerves is ealled a 
plexus. Below is a seleet list of nerves to be disenssed. 

□ There is a plexus of nerves assoeiated with the eervieal nerves. One major plexus emerging 
from the eervieal region eventually forms a single nerve that innervates the diaphragm 
muscle. This nerve is ealled the phrenie nerve. 
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□ Another plexus arises from the lovver eervieal and upper thoraeie region. This is ealled the 
braehial plexus. This plexus will eventually form a single nerve that innervates the medial 
side of the arm. lfyou bump this nerve (on the medial side of the elbow region), you will 
feel a tingling sensation on your arm and hand. This is what some people refer to as 
“hitting your funny bone.” This nerve is ealled the ulnar nerve. 

□ Another plexus arises from the lumbar region. This is ealled the lumbar plexus. One major 
nerve that develops from this plexus eontrols some of the muscles of the upper thigh. This 
nerve is ealled the femoral nerve. 

□ The last plexus arises from the saeral region. This is ealled the saeral plexus. One major 
nerve that develops from this plexus is the seiatie nerve. This nerve eontrols some of the 
posterior thigh muscles and foot muscles. 

□ Notiee, the thoraeie region does not form a plexus. All of the nerves emerging from the 
thoraeie region form single nerves, not plexuses. 


Example Problems 

1. How many pairs of nerves emerge from the spinal eord? 

ansvver: 31 pair 

2. How many eoeeygeal nerves are there? 
ansvver: just one, the fllum terminale 

3. How many different plexuses are there? 
ansvver: four: eervieal, braehial, lumbar, and saeral 

4. VVhat is the name of one region of the spinal eord that does not form a plexus? 
ansvver: thoraeie 

5. The plexus that forms a nerve that eontrols the major breathing muscle is ealled the 
ansvver: eervieal plexus 


Transverse View of the Spinal Cord 

Examination of the transverse view of the spinal eord helps to understand the various traets run- 
ning through the spinal eord. Figure 10-6 shows a transverse view of the spinal eord and points 
out the white matter and the gray matter. The white matter eonsists of numerous axons and the 
gray matter eonsists of numerous soma and dendrites. Table 10-6 lists a few seleet faets about the 
white and gray matter of the spinal eord. The best way to orient the transverse view of the spinal 
eord is to understand that the anterior side of the spinal eord has a rather wide flssure. 
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Table 10-5 Transverse Spinal Cord 

Structure 

Bríef Function and Loeation 

Posterior white 

This area eonsists of columns of nerves that transmit information to the brain for 
the interpretation of fine touch and pressure. These are aseending traets. 

Lateral white 

This area eonsists of columns of nerves that transmit information to the eerebel- 
lum for the interpretation of balanee. These are aseending traets. 

This area also eonsists of traets of nerves that transmit information from the eere- 
brum and brainstem for preeise limb movement and digit movement respeetively. 
These are deseending traets. 

Anterior white 

This area eonsists of columns of nerves that transmit information to the thalamus 
region (pain and temperature information). The thalamus then relays the informa- 
tion to the cerebrum. These are aseending traets. 

This area also eonsists of traets of nerves that transmit information from the brain- 
stem to the limbs for balanee. These are deseending traets. 

Posterior gray 

This area eonsists of sensory nerves that eome from the periphery of the body. 

It also eonsists of sensory nerves that eome from the internal organs. 

Lateral gray 

This area eonsists of motor nerves that go to the internal organs. 

Anterior gray 

This area eonsists of motor nerves that go to the periphery of the body. 


Figure 10-6 shovvs the transverse view of the spinal eord with arrows pointing the various regions 
deseribed in Tabie 10-5. 



Figure 10-6: Transverse spinal eord 


Example Pmblems 

For Questions 1 through 3, identify which region is white matter and which region is gray matter. 
1. Region a eonsists of_. 


answer: white matter 
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2. Region e eonsists of_. 

ansvver: gray matter 

3. Region f eonsists of_. 

ansvver: gray matter 

For Questions 4 through 6, identify vvhieh region eorrelates with the deseribed ftjnetion or area. 

4. VVhieh region transmits information to the cerebellum? 

ansvver: region b 

5. VVhieh region pieks up information from internal organs and sends information to the 
cerebrum for interpretation? 

ansvver: region d 

6 . VVhieh region is eonsidered to be the anterior white? 
ansvver: region e 

Proteeting the Gentral Nervons System 

The brain and the spinal eord are proteeted by three layers of membrane tissue and bone tissue. 
The membrane that is nearest the brain and spinal tissue is the pia mater. The next membrane is 
ealled the araehnoid. The membrane nearest the skull or vertebrae is the dura mater. 

Flowing between the pia mater and the araehnoid is the eerebrospinai fluid. Flowing between 
the araehnoid and the dura mater is venous fluid (blood). 

The eSF (eerebrospinal fluid) is produced by the ehoroid plexus and enters into the subarachnoid 
spaee. From there, the CSF flows through araehnoid villi to enter into the subdural spaee. 

Therefore, the brain and spinal eord are proteeted by membranes, fluid, and bone. 

The eombination of all three membranes is ealled the meninges. 


Work Problems 

1. The (anterior or posterior) side of the spinal eord has a rather deep fissure. 

2. The conus medullaris is loeated approximately the area of which vertebrae? 

3. The sensory traets of the spinal eord are (aseending or deseending) traets. 

4. Many of the nerves that braneh off the spinal eord and extend through the arm eame from 
which plexus? 

5. The three membranes that serve to proteet the brain and spinal eord are eolleetively ealled 
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6 . VVhieh type of nerves cause aetion (motor nerves or sensory nerves)? 

7. Gerebrospinai fiuid wiii enter into the biood by absorbing through what structures 
assoeiated with the araehnoid membrane? 

8 . The posterior white region of the spinai eord eonsists of (aseending or deseending traets). 

9. The gray matter of the spinai eord is made of (soma or axons). 

10. There are_eervieai vertebrae and_eervieai nerves. 

Worked Solations 

1. anterior 

2. Inmbar 1 (L,) 

3. aseending 

4. braehial plexus 

5. meninges 

6. motor nerves 

7. araehnoid villi 

8. aseending traets because that region eonsists of sensory nerves. 

9. soma. Axons make up the white matter. 

10. seven; eight 

ehapter Problems and Solutions 

Problems 

1. A defeet in the_may make it difficuit for a person to 

reeognize whether they are thirsty or not. 

2. The iimbie iobe eonsists of a major gyrus eaiied the cinguiate gyrus. This gyrus is ioeated 
superior to what brain structure? 

3. VVhat major fissure is ioeated between the temporai iobe and the frontai iobe (refer to 
Figure 10-1)? 

4. VVhat is the name of the structure that eomprises the meteneephaion and is ioeated 
between the pons and the thaiamus regions? 

5. The eerebrospinai fiuid serves as a partiai proteetion for the brain and spinai eord. It is 

produced by the_. 
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6 . Hitting this part of the skuil and therefore stimulating this lobe of the brain could cause a 
person to literally “see” stars. VVhat is that part? 

7. The cerebellum vvorks elosely with which brain division? 

8 . The lateral ventriele is a fluid filled ventriele that is loeated between the corpus callosum 

and the_. 

9. VVhat is the name of the structure that causes us to cough or sneeze in an effort to expel 
possible harmftji substances, thereby providing proteetion for the lungs? 

10. Figure 10-4 is a picture of which hemisphere of the brain? 

11. A person may not be able to feel fine touch sensations if which part of the spinal eord was 
damaged? 

12. The posterior gray matter eonsists of_(sensory or motor) nerves. 

13. VVhat is the name of the plexus that is assoeiated with nerves of the arm? 

14. The aseending traets of the spinal eord are transmitting information (to or from) the 
cerebrum. 

15. The nerve impulses that go away from the spinal eord are traveling through (motor or 
sensoiy) nerves and the impulses that go toward the spinal eord are traveling through 
(motor or sensory) nerves. 

Ansvvers and Solutions 

1. hypothalamus 

2. corpus callosum 

3. lateral eerebral físsure 

4. mldbraln 

5. ehorold plexus 

6. oeelpltal lobe 

7. teleneephalon. The cerebrum is part of the teleneephalon. 

8. dleneephalon. The thalamus is part of the dieneephalon. 

9. mednlla oblongata 

10. left 

11. posterlor whlte 

12. sensory 
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13. braehial plexus 

14. to 

15. motor and sensory 

Supplemental Ghapter Problems 

Problems 

1- The spinal eord proper itself extends only to the conus mednllaris. This area is loeated in 
the vieinity of vvhieh vertebrae? 

2. The area of an infant’s skull that is eommonly referred to as the “baby’s soft spot” is 
anatomieally knovvn as the anterior fontanels. This is the area vvhere the skull has not 
fused together yet and, therefore, you ean actually feel one of the membranes assoeiated 
vvith the meninges. VVhieh membrane of the meninges ean be felt? 

3. Gerebrospinal fluid flovvs betvveen vvhieh tvvo meningeal membranes? 

4. A patient has a viral infeetion that has destroyed the anterior gray matter of the spinal 
eord in the lumbar region. VVhieh part of the body vvill probably be most affeeted? 

5. VVhieh eonsists of only sensory traets; the vvhite matter or gray matter of the spinal eord? 

6. Alzheimer’s disease affeets the part of the brain that is involved in long term memory. 
Therefore, Alzheimer’s disease affeets vvhieh speeifie part (lobe) of the brain? 

7. Viral meningitis results in fevver fatalities than does baeterial meningitis. Regardless, 

hovvever, both types of meningitis affeets the membranes that eover the brain and spinal 
eord eolleetively ealled the_. 

8. Gerebrospinal fiuid enters the venous fiovv (blood circulation) by passing through 

structures betvveen the araehnoid and dura mater ealled the_. 

9. What is the name of the structure that is loeated inferior and slightly anterior to the 
thalamus region? 

10- In order to vvalk from point A to point B, the cerebrum initiates the impulse. This impulse 

is then sent to the_, vvhieh vvill then send the impulse 

on to the leg muscles to ereate smooth, eoordinated movement. 


Ansvvers 

1 . lumbar 1 (Li) 

2 . dura mater 


3. 


pia mater and araehnoid 
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4. This person will have difficulty walking because the anterior gray matter has nerves that 
eontrol the leg muscles. These nerves emerge from the lumbar region. 

5. white matter 

6 . limbie lobe 
7- meninges 

8 . araehnoid villi 
9- hypothalamus 
10. cerebellum 





T he peripheral nervous system (PNS) eonsists of nerves that are assoeiated with some part of 
the periphery of the body (as opposed to the eentral nervons system, CNS, which eonsists 
of the brain and spinal eord). The peripheral nervons system is ftjrther divided into afferent 
nerves and efferent nerves. The afferent nerves are nerves that transmit information to the CNS, 
and the efferent nerves are nerves that transmit information avvayfrom the CNS. The efferent 
nerves ean be divided into somatie nerves and autonomic nerves. The somatie nerves send infor- 
mation to the skeletal muscles. The antonomie nerves send information to the internal organs. 
The autonomic nerves ean be divided even ftjrther yet. One division eonsists of the sympathetie 
nerves and the other eonsists of the parasympathetie division. Typieally, the sympathetie nerves 
inerease metabolism and alertness. Antagonistie to that are the parasympathetie nerves, which 
typieally eonserve energy. Figure 11-1 shows a flow ehart that illustrates the various subdivisions 
of the peripheral nervous system. 


Subdivisions of the peripheral nervous system 






Afferent nerves 


Efferent nerves 


í 




Somatie 


Automatíc 


'f 

Sympathetie 


Parasympathetie 


Transmits information to the 

CNS 


Y 

Skeletal 

muscles 


Aetivation 


eonservatìon 


Figure 11-1: The anatomy of the peripheral nervous system. 
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The Spinal Nerves 

The spinal nerves were introduced in Ghapter 10. The spinai nerves are peripherai nerves as they 
braneh off the spinai eord to go to varions parts of the body. Be sure to study the spinai nerves 
and nerve piexuses within Ghapter 10. The nerves assoeiated with the sympathetie nerves emerge 
from the thoraeie region of the spinai eord. The nerves assoeiated with the parasympathetie 
nerves emerge from the brain and the saerai region of the spinai eord. Table 11-1 gives a brief 
overview of the ftjnetion of the sympathetie nerves. Table 11-2 gives a brief overview of the 
fijnetion of the parasympathetie nerves. 


Table 11-1 Sympathetie Nerves 

Emerges from: 

Seieet Fanetìon 

Llpper thoraeie region 

Dilates the pupils of the eyes 

Dilates respiratory tubes 
inereases heart rate 

Middle thoraeie region 

inereases adrenalin production from the adrenal glands 

Lower thoraeie region 

Relaxes urinary bladder 

Causes ejae^lation 


Table 11-2 Parasympathetie Nerves 

Emerges from: 

Seieet Fnnetion 

The brain 

Gonstriets the pupils of the eye 

Constricts the respiratory tubes 

Deereases heart rate 

The saeral region 

Tenses the urinary bladder 

Causes ereetion 


Example Pmblems 

1. VVhieh system (sympathetie or parasympathetie) ailows a person to breathe better? 

answer: sympathetie. It causes the respiratory tubes to dilate thus allow for better air 
exchange. 

2. Generally, if some part of our body is aetivated, it is probably due to impulses eoming 
from the (sympathetie or parasympathetie) nerves. 

answer: sympathetie 

3. The dilation of the pupils eomes from nerves assoeiated with the_ 

and the eonstrietion of the pupils eomes from nerves assoeiated with the 


answer: upper thoraeie region of the spinal eord; brain 
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4. The_nerves transmit impulses to the brain and/or spinal 

eord and the_nerves transmit impulses away from the 

brain and/or spinal eord. 

ansvver: afferent; efferent 

5. The_nerves of the efferent division eontrol the viseeral organs 

of the body. 

answer: autonomic 


The eranial Nerves 

The eranial nerves are 12 pairs of nerves that emerge from the brain and are part of the periph- 
eral nervons system beeanse they transmit information from the CNS to the periphery of the 
body or from the periphery of the body to the CNS. The eranial nerves that transmit information 
from the CNS to the periphery are ealled motor nerves. The eranial nerves that transmit informa- 
tion from the periphery to the CNS are ealled sensoiy nerves. Some of the eranial nerves ean 
transmit to and from the CNS and they are ealled mixecl nerves. 

The eranial nerves are assoeiated with the inferior portion of the brain. They are nnmbered (with 
Roman nnmerals) in sequence as they are positioned anterior to posterior on the brain. 

Table 11-3 lists the eranial nerves and their function. 


Table 11-3 The Cranial Nerves 

Number 

Nerve Name 

Functìon 

1 

Olfaetory 

Sensory 

Transmits information for the interpretation of smell. 

II 

Optie 

Sensory 

Transmits information for the interpretation of vision. 

III 

Oculomotor 

Motor 

Transmits information to eontrol some eye muscles. 

Transmits information to eontrol the pupil dilation and the shape 
of the lens. 

IV 

Troehlear 

Motor 

Transmits information to eontrol some eye muscles. 

V 

Trigeminal 

Mixed 

eonsists of three major branehes: 

Ophthalmie: Transmits information from the forehead region. 
Maxillary: Transmits information from the upper lip region. 
Mandibular: Transmits information to the muscles of the javv 
for ehevving. 

VI 

Abducens 

Motor 

Transmits information to eontrol some eye muscles. 

VII 

Faeial 

Mixed 

Transmits information to eontrol faee muscles and to produce 

tears. 

Transmits information for the interpretation of taste. 

VIII 

Vestibulocochlear 

Sensory 

eonsists of two major parts: 

Vestibular: Transmits information for the interpretation of balanee. 
Cochlear: Transmits information for the interpretation of hearing. 


(eontinaed) 



































CliffsStudySolver Anatomy & Physiology 




Table 11 -3 

í The eranial Nerves (continued) 

Number 

Nerve Name 

Functìon 

IX 

Glossopharyngeal 

Mixed 

Transmits information for the interpretation of taste and pain 
sensations from the tongue. 

Transmits information to eontrol swallowing. 

X 

Vagus 

Mixed 

Transmits information for the interpretation of viseeral organ 
aetivity. 

Transmits information to eontrol the viseeral organs such as 
slow down the heart rate and breathing rate. 

XI 

Spinal aeeessory 

Motor 

Transmits information to eontrol the sternoeleidomastoid and 
trapezius muscle. 

XII 

Hypoglossal 

Motor 

Transmits information to move the tongue. 


Examine the follovving Figures to help understand the information listed in Table 11-3 and also to 
understand the signifieanee of learning the skull foramen. Figure 11-2 illustrates the sensory eranial 
nerves. Remember, the sensory nerves transmit information to the CNS, henee the arrovvs going 
tovvard the CNS. In order for the nerves to reaeh the CNS, they have to pass through a foramen. 
Figure 11-3 illustrates the motor eranial nerves, and Figure 11-4 illustrates the mixed eranial nerves. 



Optìe 


Figure 11-2: Sensory eranial nerves. 
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Example Problems 

1. A patient is having diffienity in moving his tongue. A pinehed eraniai nerve couid cause 
this probiem. VVhieh nerve wouid this be? 

answer: hypogiossai nerve 

2. A damaged abducens nerve couid cause probiems doing what aetivity? 
answer: movement of the eye 

3. One eraniai nerve is invoived in taste sensations from the tongue and another eraniai 
nerve is invoived in pain sensations from the tongue. Identify those two eranial nerves. 

answer: The faeial nerve is involved with taste sensations and the glossopharyngeal nerve 
is involved with pain sensations from the tongue. 

4. How many eranial nerves have something to do with some aspeet of the eye? 
answer: five: optie, ocuIomotor, troehlear, abducens, and faeial. 

5. eranial nerve III is loeated (anterior or posterior) to the optie nerve? 

answer: posterior. The eranial nerves are numbered in sequence from anterior to posterior. 

Work Problems 

1 - How many eranial nerves are sensory, motor, and mixed? 

2. How many eranial nerves pass through the jugular foramen? 
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3- If a patient is having difficulty eontrolling one side of their faee, they are probably having a 
problem with which eranial nerve? 

4- How many eranial nerves are strietly afferent nerves? 

5. How many eranial nerves are eombined afferent and efferent nerves? 

6 - Which eranial nerve is probably involved when a person feels pain from a sinus headaehe? 

7- If we begin to lose our balanee, which eranial nerve sends information to the brain so we 
ean make the eorreetions? 

8 . What is the name of the most anterior eranial nerve? 

9. Nerves assoeiated with T 3 and T 4 would be eonsidered (sympathetie or parasympathetie) 
nerves. 

10. When food is pushed to the baek of the throat, the swallowing proeess begins. This is 
largely due to the aetivation of which eranial nerve? 

Worked Solations 

1 . sensory = 3, motor = 5, mixecl = 4 

2. three 

3. faeial nerve 

4. 3: olfaetory, optie, and vestibnloeoehlear (speeifieally, the vestibnlar portion). 

Afferent is the same as sensory. 

5. 4: trigeminal, faeial, glossopharyngeal, and vagns. These are the mixed nerves. 

6. trigeminal nerve, speeifieally the ophthalmie portion 

7. vestibnloeoehlear 

8. olfaetory. Granial nerves are nnmbered in sequence from anterior to posterior. 

9. sympathetie. The parasympathetie nerves emerge from the brain or saeral region. 

10. glossopharyngeal 

ehapter Problems and Solutions 

Problems 

1. Name the eranial nerves that pass through the jugular foramen. 

2 . Identify the eranial nerve that is involved in the production of tears. 
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3. In order to tilt our head from side to side, we must eontraet the sternoeleidomastoid 
muscle. VVhieh eranial nerve is involved in that proeess? 

4. VVhat is the ftjnetion of the abducens and troehlear nerves? 

5. How many different foramen (or other openings in the skull) do the eranial nerves pass 
through? 

6 . VVhieh part of eranial nerve V eonsists of mainly motor nerves? 

7. The aetivation of the (sympathetie or parasympathetie) nerves typieally ereates the “fight 
or fiight” response. 

8 . A patient ean no longer develop an ereetion. VVhen questioning the patient, the physieian 
diseovered that the patient had reeently fallen extremely hard on his “tail bone.” In this 
ease, the (sympathetie or parasympathetie) nerves were probably damaged. 

9. Several eranial nerves pass through the superior orbital fissure. VVhere is this fissure loeated? 

10. How many eranial nerves send information to various muscles of the body? 

Ansvvers and Solutions 

1. spinal aeeessory, glossopharyngeal, and vagns 

2. faeial 

3. spinal aeeessory 

4. They eontrol some of the eye mnseles. 

5. 8: olfaetory foramina, optie foramen, internal aeonstie eanal, fngnlar foramen, 
snperior orbital fissnre, hypoglossal foramen, foramen ovale, and foramen rotnndnm. 

6. mandibnlar 

7. sympathetie. These nerves typieally speed up metabolism and the heart rate, and so on. 

8. parasympathetie 

9. The snperior orbital fissnre is a fissnre (slit) loeated at the baek of the eye soeket 
region. 

10. 8: abdneens (eye mnseles), troehlear (eye mnseles), oenlomotor (eye mnseles), 

trigeminal (jaw mnsele), faeial (faee mnseles), glossopharyngeal (swallowing mnseles), 
spinal aeeessory (neek and shonlder mnseles), and hypoglossal (tongne mnsele). 
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Supplemental Ghapter Problems 

Problems 

1. VVhen a patient goes into a vagai response, their biood pressure and heart rate drop 
drastieaiiy. This is because the vagus nerve is a (sympathetie or parasympathetie) nerve. 

2. VVhen you bite your tongue, you feei tremendous pain. VVhieh eraniai nerve was 
stimuiated in order for you to feei the pain? 

3. In order to focus on objeets near and far, the shape of the lens has to ehange for proper 
focus. VVhieh eranial nerve is involved in that proeess? 

4. Some people take drugs to enhanee their athletie ability, which of course, is not fair. 
VVhieh type of drug (sympathetie or parasympathetie) wouId be the “drug of ehoiee” 
in this situation? 

5. A person walks into a well-lit room. A physieian notiees that the pupils of his eyes are 
eonstantly dilated (in a well-lit room they shouId be eonstrieted). The physieian might 
suspect that this person is taking a (sympathetie or parasympathetie) drug. 

6 . Bell’s palsy is a viral eondition that usually affeets one of the eranial nerves. It typieally 
causes patients to lose eontrol of one side of their faee. Bell’s palsy is a eondition that 
affeets which eranial nerve? 

7. The proeess of olfaetion is the ftjnetion ofwhich eranial nerve? 

8 . The proeess of gustation is the ftjnetion of which eranial nerve? 

9. An inerease in the release of adrenalin will give a person an extra burst of energy. However, 
damage to which portion of the spinal eord has an affeet on the release of adrenalin? 

10. One of the eranial nerves branehes in the region of the zygomatie bone. One braneh 

extends to the maxillary region, one braneh extends to the forehead region, and the third 
braneh extends to the masseter muscle. VVhieh eranial nerve is being deseribed? 


Ansvvers 

1 . parasympathetie nerve 

2 . glossopharyngeal 

3. oculomotor 

4. sympathetie 

5. sympathetie 

6 . faeial nerve (VII) 
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7. olfaetory (olfaetion is the proeess of smeiiing) 

8 . faeiai (gnstation is the proeess of tasting) 

9. thoraeie region (speeifieaiiy, the middie thoraeie) 

10 . trigeminai nerve 





T he various senses of the body ean be divided into two main groups. One is the general 
senses, vvhieh eonsist of the interpretation of pain, touch, temperature, and pressure. 

The other group of senses is speeial senses, vvhieh eonsist of the interpretation ofvision, 
hearing, tasting, smelling, and balanee. 

introdneing the Five Senses 

Table 12-1 lists the five speeial senses and a fevv seleet faets about eaeh one. 


Table 12-1 The Five Senses 

Spedal 5e#75e 

5e/ecf Fanetion 

Smell 

The proeess of smelling is ealled olfaetion. 

The nerves assoeiated with olfaetion pass through the olfaetory foramina. 

Olfaetory nerves are the only eranial nerves that go direetly to the cerebrum and do not 
have to be relayed by the thalamus. 

These nerves are identified as eranial nerve 1. 

Taste 

The proeess of tasting is ealled gustation. 

The eells involved are ealled gustatory eells. 

These eells are clustered inside taste buds. 

Taste buds line the papillae of the tongue. 

The papillae are the bumps on the surface of the tongue. 

Dissolved food partieles stimulate the gustatory eells and a signal is sent via the faeial 
nerve (eranial nerve VII) to the brain for interpretation. 

Vision 

Light enters the pupil of the eye and stimulates speeial eells that make up the retina of 
the eye. 

Onee these eells are stimulated, they send an impulse along the optie nerve and then 
the impulse is relayed to the oeeipital lobe of the brain. 

The speeial eells of the retina are ealled rods and eones. 

The rods function during dim light eonditions. They do not sense eolor. 

The eones function only during bright light eonditions. They sense eolor. 


(continued) 
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Table 12-1 The Five Senses (continued) 

Spedal 5e#75e 

Seleet Fanetion 

Hearing 

Sound waves ereate vibrations in the eoehlear region of the ear. 

These vibrations stimulate speeial eells that send an impulse via the eoehlear nerve (of 
the vestibulocochlear nerve, eranial nerve VIII) to the brain for interpretation. 

Balanee 

The movement of the body causes movement of fluid within the semicircular eanals of 
the internal ear. 

This fluid movement stimulates speeial eells that send an impulse via the vestibular nerve 
(of the vestibulocochlear nerve, eranial nerve VIII) to the brain for interpretation. 


Example Pmblems 

1. VVhat structure in the ear is responsibie for hearing?_ 

answer: the eoehiea 

2. What structure in the ear is responsibie for baianee?_ 

answer: the vestibuiar apparatus 

3. Graniai nerve (I, II, VII, or VIII) goes direetly to the cerebrum?_ 

answer: I. This is the olfaetoiy nerve and is the only one that goes direetly to the 
cerebrum. 

4. True or false: The bumps on the surface of the tongue are the taste buds? 
answer: false. The taste buds are loeated inside the bumps (papillae). 

5. The retina of the eye is made of eells ealled_and_. 

answer: rods and eones 

The Tongue 

As food enters the mouth and is partially dissolved, the dissolved food stimulates the gustatory 
eells of the taste buds. These eells send a signal (via the faeial nerve) to the brain for the interpre- 
tation of taste. Figure 12-1 shovvs a magnified view of the tongue to show the relationship of the 
gustatory eells, taste buds, and papillae. 
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The Pathvvay of Light into the Eyes 

Light rays pass through the pupil, and ultimately to the eells of the retina at the baek of the eye. 
The retina eells send signals to the brain (via the optie nerve) for the interpretation of vision. 
Figure 12-2 shovvs the internal eomponents of the eye. 


Suspensor ligaments 



region 

Figure 12-2: Internal eye. 

1. Light passes through the eornea of the eye. 

2. Light passes through the pupil. 

3. Light passes through the lens. 

4. The lens will focus the light on the retina of the eye. 
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5. In order for the light to reaeh the retina, it has to pass through the vitreons ehamber of 
the eye. 

6 . The light will aetivate the rods and eones of the retina, which will send a nerve signal via 
the optie nerve to the oeeipital lobe of the brain. 

The retina eonsists of a eombination of rods and eones. The fovea eentralis is the area of the 
retina that eonsists of 100% eones. Therefore, the best vision is during the day when you are look- 
ing straight at an objeet. During the daylight, only the eones are operating. The rest of the retina 
híis a eombination of rods and eones; therefore, there aren’t as many eones as there are in the 
fovea eentralis region. This is why peripheral vision is not as elear as looking straight at an objeet. 

The optie dise region is the area where the blood vessels and optie nerve exit the eye. In this 
loeation, there aren’t any rods or eones. If an image is focused direetly on the optie dise, vision 
will not be interpreted. Because the optie nerve exits the eye a little lait medial to eenter, it is not 
in the same loeation for both eyes. So, if an objeet is focused on the optie dise in the right eye, 
that same objeet will be focused elsewhere on the retina of the left eye. So, basieally, whatever 
the right eye ean’t “see,” the left eye ean. VVhen we look at objeets, rarely are our eyes station- 
ary. Therefore, if a person has only one eye, objeets won’t be focused on the optie dise unless 
the eye is kept very still. Because of the laek ofvision in the optie dise region, this area is also 
known as the blind spot. 

The lens ean ehange shape in order to properly focus an image on the retina. The lens ehanges 
its shape due to the eontraetion of the eiliary muscles attaehed to the suspensor ligaments. 

There are six muscles that eontrol the movement of the eye. The lateral rectus muscle of the 
eye rotates the eye laterally. The medlal rectus muscle rotates the eye medially. The superlor 
rectus muscle rotates the front of the eye upward. The Inferlor rectus muscle rotates the front 
of the eye downward. The superlor obllque muscle pulls the eye in such a manner to allow you 
to see down and laterally. This muscle pulls up and medially on the baek of the eye, causing the 
front of the eye to rotate down and laterally. The Inferlor obllque muscle pulls the eye in such a 
manner to allow you to see up and laterally. This muscle pulls clown and medially on the baek of 
the eye, causing the front of the eye to rotate up and laterally. Figure 12-3 illustrates the six 
muscles of the eye (the medial rectus is not shown). 



Figure 12-3: Muscles of the eye (left eye). 
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Example Problems 

Questions 1 through 5 ean be ansvvered by studying the information pertaining to Figure 12-3. 

1. VVhat is the name of the muscie represented by ietter a?_ 

ansvver: superior obiique 

2. VVhat is the name of the muscie represented by ietter b?_ 

ansvver: superior rectus 

3. VVhat is the name of the muscie represented by ietter e?_ 

ansvver: iaterai rectus 

4. VVhat is the name of the muscie represented by ietter d?_ 

ansvver: inferior rectus 

5. VVhat is the name of the muscie represented by ietter e?_ 

ansvver: This is a portion of the inferior obiique. The rest of this muscie goes posterior, just 
iike the superior obiique. 


Work Problems 

1. VVhat is the name of the area of the retina that doesn’t eonsist of any rods? 

2. VVhat is the name of the area of the retina that doesn’t eonsist of any rods or eones? 

3. The iarge fiuid fiiied region ioeated betvveen the iens and the retina is eaiied the 

4. The opening that is ereated by the movement of the iris structure, vvhieh aiiovvs iight to 

enter the eye is eaiied the_. 

5. VVhieh retinai eeiis are aetiveiy invoived in dayiight vision?_ 

6 . The eontraetion of vvhieh eye muscie vviii cause the ieft eye to rotate iateraiiy? 

7. The eontraetion of vvhieh eye muscie vviii cause the eye to rotate dovvnvvard so as to 
“iook” at the fioor? 

8 . The bumps on the surface of the tongue are not taste buds. The taste buds are ioeated 

inside the bumps. The bumps are eaiied_. 

9. VVhen the gustatory eeiis are aetivated, they vviii send signais to the brain for 

interpretation via the_nerve (eraniai nerve name). 

10. Most of the speeiai sensory nerves have to be reiayed by the_ 

before “reaehing” the cerebrum for interpretation. 
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Worked Solutions 

1. The fovea eentralis eontains 100% eones. 

2. The optie dise or blind spot is devoid of rods or eones due to the presenee of the 
optie nerve and blood vessels. 

3. vitreous ehamber 

4. pupil 

5. eones 

6. lateral rectus 

7. inferior rectus 

8. papillae 

9. faeial (CN Vii) 

10. thalamus 


The Pathvvay of Sound Waves into the Ear 

The inner ear eonsists of the hearing apparatus and the baianee apparatns. The hearing apparatns 
is the eoehiea, vvhieh is a snaii-shaped organ. Sound vvaves vibrate the ossieies, vvhieh, in turn, 
causes the movement of fluid inside the eoehiea. This fluid movement stimulates a speeial organ 
inside the eoehlea ealled the organ of Corti. The organ of Corti stimulates eranial nerve VIII, 
vvhieh transmits a signal to the brain for the interpretation of hearing. 

VVhile looking at Figure 12-4, eonsider the pathvvay of sound vvaves into the ear: 

1. Sound vvaves are trapped by the helix (pinna) of the ear. 

2. Sound vvaves travel through the ear eanal (auditory eanal). 

3. The sound vvaves vvill cause the tympanie membrane to vibrate. 

4. This vibration causes the fìrst ossiele (malleus) to vibrate. 

5. The vibrating malleus causes the seeond ossiele (incus) to also vibrate. 

6 . The vibrating incus vvill cause the third ossiele (stapes) to vibrate. 

7. The vibrating stapes vvill cause the fluid inside the eoehlea to begin moving. The stapes 
eovers an area ealled the oval vvindovv of the eoehlea. 

8 . The movement of the fluid stimulates the eells, vvithin the eoehlea, vvhieh in turn stimulates 
the eoehlear nerve (a portion of the vestibulocochlear nerve, CN VIII). 

9. A signal is sent to the brain for the interpretation of hearing. 
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Outer ear Mìddle ear Inner ear 



Figure 12-4: The pathvvay of sound waves. 


Gonsider the follovving additionai information regarding the ear: 

□ The outer ear is eomprised of the auricie (heiix, antiheiix, tragus, and antitragus) and the 
auditoiy eanai. The helix is the outer rim, the antihelix is the inner rim, the tragus is the 
part you push on to bioek hearing, and the antitragus is the bump on the antiheiix opposite 
the tragus. 

□ The middie ear is eomprised of the tympanie membrane, the ossieies, and the pharyngo- 
tympanie tube (formeriy knovvn as the Eustachian tube). 

The pharyngotympanie tube is often eaiied the auciitory tube (not to be eonftjsed vvith the 
auditoiy eanai, vvhieh is a eanai that extends from the heiix to the tympanie membrane). 

The pharyngotympanie tube extends from the ossieie region to the pharynx region. 

□ The inner ear is eomprised of the eoehlea and the vestibuiar apparatus. 


Example Problems 

Questions 1 through 5 ean be ansvvered by studying the information pertaining to Figure 12-4. 

1. VVhieh ossieie is attaehed to the tympanie membrane? 
answer: maiieus 

2. VVhieh ossieie is attaehed to the eoehiea? 


answer: stapes 
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3. What is the name of the organ that sends impulses to the brain for the interpretation of 
hearing? 

answer: Organ of Corti vvithin the eoehlea 

4. The mallens, incus, and stapes are part of the outer ear, middle ear, or inner ear? 
answer: middle ear 

5. Which part of the ear actually “eolleets” the sound vvaves to send them to the tympanie 
membrane? 

answer: helix (pinna) 


The Inner Ear and Balanee 

The ear is involved in more aetivity than just hearing. A portion of the inner ear is involved with 
balanee. When a person moves his head, the fluid within the semicircular eanals begins to move, 
thus sending signals to the brain for the interpretation of balanee. 

□ The inner ear is eomprised of the eoehlea and the vestibular apparatus. 

□ The eoehlea is responsible for hearing. The vestibular apparatus is responsible for balanee. 

□ The vestibular apparatus is eomprised of the vestibule and the three semicircular eanals. 

□ When the body moves, this sets up fluid motion inside the semicircular eanals. 

□ The movement of this fluid stimulates eells, which in turn stimulate the vestibular portion of 
the vestibulocochlear nerve (CN Vlll). 

□ The signal is then interpreted in the brain regarding aeeeleration and balanee. 


The Middle Ear and Pressure 

If you are in an airplane as it aseends or deseends, you may experience ear pain. This is due to 
the faet that at high altitudes, air pressure is less than eompared to ground level. This means 
that the pressure in the middle ear area (medial side of the tympanie membrane) is ground-level 
pressure and the pressure in the ear eanal (lateral side of the tympanie membrane) is less-than- 
ground-level pressure. This causes the tympanie membrane to bulge outvvard, and this bulging 
causes pain. To equalize the pressure, many people ehevv gum. The aetion of ehevving gum 
causes movement of the pharyngotympanie tube, vvhieh, in turn, helps to move air out of the 
middle ear region, thus equalizing the pressure. 

□ The middle ear eonsists of the ossieles, tympanie membrane, and the phaiyngotympanie 
tube. 

□ The pharyngotympanie tube is formerly knovvn as the Eustachian tube. Eustachian is not a 
deseriptive term. It is a vvord based on a person’s name. Pharyngotympanie is a deseriptive 
term. It is a tube that extends from the tympanie region to the pharynx. 

□ This tube equalizes the pressure inside the middle ear vvith outside pressure. 

□ If this tube is bloeked, pressure begins to build in the middle ear, vvhieh in turn puts pressure 
on the tympanie membrane, resulting in pain. 
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□ ehildren are prone to earaehes. Sometimes, iymphatie tissue ean grow to the point of 
bioeking the opening to the pharyngotympanie tube. This bioekage ereates a buiid-up of 
pressure within the middie ear. As time progresses, the pharyngotympanie tube wiii seerete 
mucus, which bioeks the tube even more. More pain wiii resuit. 

□ A baeteriai infeetion ean aiso cause probiems in the middie ear. The baeteria ean cause the 
pharyngotympanie tube to produce excess mucus, thus resuiting in bioekage of the tube. 


Work Problems 

1. Identify the ossieies in sequence from the tympanie membrane to the ovai window. 

2. Part of the vestibuiocochiear nerve is assoeiated with baianee whiie the other part is 

assoeiated with_. 

3. Eaeh vestibuiar apparatus eonsists of_(how many?) semicircuiar eanais? 

4. Graniai nerve number_is the vestibuiocochiear nerve. 

5. The vestibuiocochiear nerve emerges from the eoehiea and passes through the 
_foramen (eanai) to arrive at the brain for interpretation. 

6 . Hearing occurs when the eeiis within the_of the internai ear 

are stimuiated by the vibrating motion of fluid. 

7. A virai infeetion of the_ear ean cause a person to 

beeome dizzy. (Use one of these terms; outer, middie, and inner). 

8 . The sense of equiiibrium is deteeted in which portion of the ear? Use one of these terms: 

outer, middie, and inner._ 

9. VVhen a person doesn’t want to hear something, they push on a structure of their outer 
ear to bioek the sound waves. VVhat is the name of this structure? 

10. The pharyngotympanie tube is a tube that serves to equaiize pressure within the 
_ear region and the outside. 


Worked Solotions 

1. malleus, incus, stapes 

2. hearing 

3. 3 

4. Viii 

5. internai aeonstie 

6. eoehiea 
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7. inner (this area eonsists of the vestibniar apparatns for baianee) 

8. inner 

9. tragns 

10. mieieiie 

ehapter Problems and Solutions 

Problems 

1. The eontraetion of the_muscle of the left eye and the 

eontraetion of the_muscle of the right eye will cause 

the eyes to beeome eross-eyed. 

2. The eontraetion of the_muscle of the left eye and the 

eontraetion of the_muscle of the right eye will cause 

the eyes to rotate to the right. 

3. VVhat is the name of the transparent outer eovering of the eye?_ 

4. Eaeh eye is eontrolled by (how many) extrinsic eye muscles?_ 

5. The_causes the oval window of the eoehlea to vibrate. 

6 . VVhere are gustatory eells loeated?_ 

7. The_is the continuation of the selera (the white 

portion of the eye), thus forming a transparent layer on the anterior side of the eye. 

8 . The eentral opening of the eye that allows light to pass through is the_. 

9. The lens is able to focus objeets on the retina due to the aetion of which muscles? 

10. VVhen we look straight at an objeet we ean see it elearly and with the sharpest eolor. This 

is because the image is focusing on the_, which eonsists 

of 100% eones. 


Ansvvers and Solutions 

1. medial rectus of the left eye and medial rectus of the right eye 

2. mediai rectus of the ieft eye and iaterai rectus of the right eye 

3. eornea 

4. 6: lateral rectus, medial rectus, superior rectus, inferior rectus, superior oblique, and 
inferior oblique 

5. stapes 
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6 wíthin the taste bnds 

7. eornea 

8. pnpil 

9. eiliary mnseles 

10. fovea eentralis 

Snpplemental Ghapter Problems 

Problems 

1- The organ of Corti is an organ in the ear that is responsible for hearing. The organ of Corti 
is loeated in what internal ear structure? 

2. The speeial senses are made of the following types of speeial eells: gustatory eells, 
olfaetory eells, and eone eells. Which of those types of eells are involved in odors? 

3. If a person has a great deal of difficulty seeing at night, it could be the faet that they have 

diminished ftjnetioning_eells of the eye. 

4- A person all of a sudden drives into a blinding snow storm. They eannot see any distanee 
at all due to the snow. They begin to feel as though the ear is beginning to go to the right 
when in faet the ear is still going straight. A person gets this feeling because the 

movement of the ear causes movement of the fiuid in the_. 

The movement of the fiuid causes the brain to interpret imbalanee (movement to the right 
in this seenario). 

5. Dogs have a much greater sense of smell eompared to humans. This is because dogs have 
far more_eells (reeeptors) as eompared to humans. 

6 - A middle ear infeetion could hinder the movement of the_and 

therefore making it difficult for the patient to hear. 

7. The selera is the white part of the eye. As the selera curves to form the anterior portion of 
the eye, it differentiates and beeomes transparent. The transparent portion is ealled the 

8 - An infeetion of the inner ear could affeet a patient’s hearing and also his or her 

9. VVhen a person spins around several times, they feei dizzy and feei iike they are stiii 

moving. This is beeanse the fluid in the_is stiii moving even 

though the person is stationary. 

10. Having the abiiity to see distant objeets, but near objeets are fuzzy is eaiied 

_and having the abiiity to see near objeets, but far objeets 

appear fuzzy, is eaiied_(use these terms to fiii in the bianks; 

hyperopia and myopia). 
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Ansvvers 

1 . eoehlea 

2 . olfaetory 

3. rod 

4. semicircular eanals 

5. olfaetory 

6 . ossieles 

7. eornea 

8 . balanee 

9. semicircular eanals 

10 . hyperopia; myopia 




The Endoerine System 


T he nervous system allovvs the body to respond to varions stimnli in a quick manner, and 
this ailovvs for homeostasis. The endoerine system (vvith its array of hormones) also ailovvs 
the body to respond to various stimuli. This endoerine response, hovvever, is typieally 
slovver than the neural response, yet, in spite of this slovver response, it is still neeessary in order 
to maintain homeostasis. 

The best vvay to study the endoerine system is to study it in this manner: 

□ Identify the gland or tissue that is producing the hormone. 

□ Identify the hormone that is produced. 

□ Identify the target for that hormone (vvhere is that hormone going in the body?). 

□ Identily the fijnetion of that hormone (vvhat is that hormone going to cause the body to do?). 

This ehapter is organized aeeording to that study guide. 


The Pituitary Gland 

Table 13-1 lists the hormones that are released by the pituitary gland. Table 13-2 identifies the 
target for that hormone. Table 13-3 identifies the ftjnetion for that hormone. 


Table 13-1 Pituitary Hormones 

Pituitary region 

Hormone 

Posterior 

Antidiuretic hormone (ADH) 

Posterior 

Oxytocin (OT) 

Anterior 

Grovvth hormone (somatotropin) (GH) 

Anterior 

Prolaetin (PRL) 

Anterior 

Thyroid stimulating hormone (TSH) 

Anterior 

Adrenoeortieotropie hormone (ACTH) 

Anterior 

Folliele stimulating hormone (FSH) 

Anterior 

Luteinizing hormone (LH) 
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Table 13-2 identifìes the target for the hormones reieased by the pituitary giand. VVhen a hormone 
targets a speeifie tissue or organ, it causes that tissue or organ to respond in a speeifie manner. 


Table 13-2 

Target of Pituitary Hormones 

Hormone 

Hormone Target 

Antidiuretic hormone (ADH) 

Internal kidney tubules ealled nephrons 

Oxytocin (OT) 

Uterus and mammary tissue 

Grovvth hormone (somatotropin) (GH) 

General body eells 

Prolaetin (PRL) 

Mammary tissue 

Thyroid Stimulating Hormone (TSH) 

Thyroid gland 

Adrenoeortieotropie Hormone (ACTH) 

Cortex of the adrenal gland 

Folliele Stimulating Hormone (FSH) 

In males, this hormone targets internal tubules of the testes 
ealled seminiferous tubules. 

In females, this hormone targets the ovaries. 

Luteinizing Hormone (LH) 

In males, this hormone targets speeial eells inside the testes 
ealled interstitial eells. 

In females, this hormone targets the follieles inside the ovaries. 


Tabie 13-3 identifies the fijnetion of the pituitary hormones. These hormones wiii cause speeifie tis- 
sues or organs to respond in a speeifie manner, which is designed to heip maintain homeostasis. 


Table 13-3 

Function of Pituitary Hormones 

Hormone 

Hormone Fnnetion 

Antidiuretic hormone (ADH) 

Prevents the kidney tubules from losing vvater thereby prevent- 
ing dehydration. 

Oxytocin (OT) 

Causes the uterus to eontraet during labor. 

Causes the mammary tissue to release milk during nursing. 

Grovvth hormone (somatotropin) (GH) 

Causes protein synthesis for grovvth. 

Prolaetin (PRL) 

Causes the mammary tissue to produce milk. 

Thyroid stimulating hormone (TSH) 

Causes the thyroid gland to release hormones such as; ealei- 
tonin, thyroxine, and triiodothyronine. 

Adrenoeortieotropie hormone (ACTH) 

Causes the adrenal cortex to release a group of hormones 
ealled glucocorticoids. 

Folliele stimulating hormone (FSH) 

In males, this hormone causes the seminiferous tubules to pro- 
duce sperm eells. 

In females, this hormone causes the maturation of an egg. 
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Hormone 

Hormone Fnnetion 

Luteinizing hormone (LH) 

In males, this hormone causes the interstitial eells to release 
testosterone. Testosterone causes the development of seeondary 
sex eharaeteristies such as: faeial hair and deeper voiee. 

In females, this hormone causes the follieles, which eontain a 
mature egg, to release the egg (ovulation). 

It also causes the ruptured folliele to release progesterone and 
estrogen. 


Example Problems 

1. There are two hormones (oxytocin and prolaetin) that target the mammary tissnes and are 
assoeiated with milk. Identify the hormone that causes milk prodnetion. 

answer: prolaetin. Oxytocin causes the release of milk, not the production of milk. 

2. Gortisone is a hormone that is part of a group of hormones ealled gIucocorticoids. Based 
on this, what structure releases eortisone? 

answer: adrenal cortex 

3. The_hormone causes the maturation of an egg and the 

_hormone causes the ovuIation of an egg. 

answer: folliele stimulating; luteinizing 

4. The thyroid gland produces and releases some hormones. VVhat is the name of the 
hormone that causes the thyroid gland to release its hormones? 

answer: thyroid stimulating hormone 

5. The antidiuretic hormone prevents water loss by the kidneys by targeting what structures 
of the kidneys? 

answer: nephrons of the kidneys 

Other Endoerine Glands 

The pituitary gland is eonsidered to be the “master gland” because it releases some hormones 
that eontrol the aetion of other glands of the body. Even though the other glands are not master 
glands, they still have profound effeets on the body. Table 13-4 lists a few seleet glands and the 
hormones they release. Table 13-5 lists the targets for those hormones, and Table 13-6 identifies 
the ftjnetion of those hormones. 
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Table 13-4 Other Glands and Hormones 

Giand 

Hormone released 

Thyroid 

Calcitonin, thyroxine (T4), and triiodothyronine (T3) 

Parathyroid 

Parathormone (parathyroid hormone or PTH) 

Thymus 

Thymosin 

Atria of the heart 

Atrial natriuretic peptide (ANP) 

Panereas 

lnsulin and glucagon 

Adrenal medulla 

Epinephrine (adrenalin) and norepinephrine (noradrenalin) 

Adrenal cortex 

Glucocorticoids and aldosterone 

Kidney 

Erythropoietin (EPO) 


Table 13-5 identifies the target for eertain hormones. VVhen a hormone targets a speeifie tissue 
or organ, it causes that tissue or organ to respond in a speeifie manner. 


Table 13-5 Target for Seleet Hormones 

Hormone 

Hormone Target 

Galeitonin 

Bone eells (osteoblasts) 

Thyroxine and triiodothyronine 

General body eells 

Parathormone (PTH) 

Bone eells (osteoelasts) 

Thymosin 

Lymphoeytes (a speeifie white blood eell) 

Atrial natriuretic peptide (ANP) 

Tubules (nephrons) inside the kidneys 

lnsulin 

Cell membrane protein ehannels 

Glucagon 

Liver eells 

Adrenalin and noradrenalin 
(Epinephrine and norepinephrine) 

General body eells 

Glucocorticoids 

General body eells 

Aldosterone 

Nephrons of the kidneys 

Erythropoietin (EPO) 

Bone marrow (speeifieally the erythroblasts within the bone marrow). 


Tabie 13-6 identifies the ftjnetion for eertain hormones. After the hormone targets its speeifie tis- 
sue, it causes the tissue to respond in a speeifie way, which leads to homeostasis. 
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Table 13-6 Function for Seleet Hormones 

Hormone 

Hormone Fnnetion 

Calcitonin 

Causes the osteoblasts to remove calcium ions from the bloodstream for the 
purpose of making bone material. This deereases blood calcium ion levels. 

Thyroxine and 
triiodothyronine 

inereases cellular metabolism. 

Parathormone (PTH) 

Causes the osteoelasts to remove calcium ions from the bones. Calcium ions 

then enter into the bloodstream. This inereases blood calcium ion levels. 

Thymosin 

eonverts lymphoeytes to T eells involved in the immune system. 

Atrial natrioretie 
peptide (ANP) 

Causes the nephrons to remove water and sodium ions from the 
bloodstream and send them to the urinary bladder to be voided. 

lnsulin 

Causes protein ehannels within the membrane to form pores thereby letting 
glucose enter into the eell for metabolism. This deereases the blood glucose 
levels. 

Glucagon 

Causes the liver eells to break down glyeogen to form glucose. The glucose 
then enters into the bloodstream. This inereases the blood glucose levels. 

Adrenalin and noradrenalin 
(Epinephrine and 
norepinephrine) 

Causes eells to inerease their metabolie rates. Causes the mobilization of 
glucose into the bloodstream to be used by eells. 

Glucocorticoids 

Causes eells to inerease their metabolie rates. Causes an inerease in glucose 
production from non-earbohydrate products (gluconeogenesis). 

Aldosterone 

Causes the nephrons of the kidneys to put water and sodium ions baek into 
the bloodstream. This results in the eonservation of water and sodium ions. 

Erythropoietin (EPO) 

Causes the erythroblasts to begin the formation of erythroeytes (red blood eells). 


Example Problems 

1. The kidneys play a vital roie in homeostasis. Aeeording to Tabies 13-1 throngh 13-6, how 
many hormones target some aspeet of the kidneys? 

answer: three: aidosterone, ANP, ADH 

2. Aeeording to Tabies 13-1 throngh 13-6, how many hormones speed up metaboiie 
proeesses? 


answer: five: thyroxine, triiodothyronine, epinephrine, norepinephrine, and 
gineoeortieoids 
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3. Aeeording to Tables 13-1 through 13-6, how many hormones target some aspeet of bone? 
answer: three: erythropoietin, eaieitonin, and parathormone 

4. Aeeording to Tabies 13-1 throngh 13-6, how many hormones are invoived in eontroiiing 
sodium ion leveis? 

answer: two: aidosterone and atriai natriuretic peptide 

5. Aeeording to Tabies 13-1 through 13-6, how many hormones are invoived in eontroiiing 
calcium ion levels? 

answer: two: ealeitonin and parathormone 


Work Problems 

1. Insulin lowers blood glucose levels. Name several hormones that raises blood glucose 
levels. 

2. Aldosterone causes the kidneys to eonserve sodium ions. Name the hormone that causes 
the kidneys to lose sodium ions. 

3. Parathormone will raise blood calcium ion levels. Name the hormone that lowers blood 
calcium ion levels. 

4. The organ or tissue that responds to the presenee of a hormone is ealled the hormone’s 


5. Triiodothyronine (T 3 ) is made of three iodine atoms. How many atoms make up thyroxine? 


6 . The thymus gland is loeated_to the heart. (Use one 

direetional term for your answer). 

7. The parathyroid glands are loeated_to the thyroid gland. 

(Use one direetional term for your answer). 

8 . VVhat causes the release of testosterone? 

9. VVhite blood eells help the body fight infeetions. Therefore, the white blood eells are part 
of the immune system. VVhat hormone functions as part of the immune system? 

10. The outer layer of the adrenal gland produces aldosterone. This layer of the adrenal gland 
is ealled the adrenal 


Worked Solotions 

1 . glucagon, epinephrine, norepinephrine anei giucocoiticoicis (for exampie) 

2. atriai natriuretic peptieie (ANP) 
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4. target 

5. 4(T4) 

6. superior 

7. posterior 

8. iutenizing hormone 

9. thymosin (thymosin targets iymphoeytes) 

10. cortex 

ehapter Problems and Solutions 

Problems 

1. Any hormone that causes the body to retain vvater (puts vvater into the bioodstream) couid 
cause the biood pressure to rise. Identify tvvo hormones that couid cause an inerease in 
biood pressure. 

2. Antagonistie hormones are hormones that vvork the opposite of eaeh other. Therefore, 

the main antagonistie hormone to insuiin vvouid be_. 

3. VVhieh portion of the pituitary reieases the most hormones?_ 

4. Identify the hormone that causes egg deveiopment in femaies and sperm deveiopment in 
maies. 

5. The adrenai meduiia produces_and_, and 

the adrenai cortex produces_and_. 

6 . VVhat hormone triggers the reiease of giucocorticoids? 

7. Giucagon ean cause the formation of giucose from giyeogen (a earbohydrate) in the iiver. 

GIucocorticoids ean cause the formation of giucose from non-earbohydrates such as amino 
aeids. This proeess is eaiied_. 

8 . VVhieh gland lies vvithin the abdominopeivie eavity near the stomaeh and smaii intestine? 

9. Diabetes insipidus is a eondition vvhere the patient iaeks the production of antidiuretic 
hormone. Diabetes meiiitus is a eondition vvhere the patient iaeks the abiiity to produce 


10. A patient experiencing a deereased production of thyroxine and triiodothyronine couid be 
due to the iaek of vvhieh hormone eoming from the pituitary giand? 
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Ansvvers and Solutions 

1. aldosterone and antidinretie hormone 

2. glneagon 

3. anterior pitnitary 

4. folliele stimnlating hormone 

5. epinephrine and norepinephrine; aldosterone and glneoeortieoids 

6. adrenoeortieotropie hormone (ACTH) 

7. glneoneogenesis 

8. panereas 

9. insnlin 

10. thyroid stimnlating hormone 

Supplemental Ghapter Problems 

Problems 

1. eomplete removal of the thyroid gland also results in the removal of vvhieh gland? 

2. A deerease in parathormone could cause a deerease in what ion in the bloodstream? 

3. If a patient had a laek of sodium ions, their body would begin to produce what hormone? 

4. The antidiuretic hormone is produced by the hypothalamus of the brain but is released by 

the_. 

5. If a patient has a high eoneentration of aldosterone in their bloodstream, they probably 
also have a high eoneentration of what ion in their bloodstream? 

6 . An inerease in aldosterone could cause the blood pressure to go (up or down). 

7. When blood glucose levels rise in a patient, which hormone will be released to 
eompensate the rise of glucose? 

8 . A patient has an inereased number of red blood eells. This could be due to the result of an 
inereased amount of which hormone? 

9. Gonadotropins are a group of hormones that regulate the male and female reproductive 
organs. Identify two gonadotropins previously discussed. 

10. inereased amount of blood calcium ions would result in an inereased amount of 

_(identify a hormone) released in order to get the 

blood calcium ion levels baek to a normal level. 
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Ansvvers 

1. parathyroid 

2 . calcium ions 

3. aldosterone 

4. posterior pitnitary gland 

5. sodium ions 

6 . up 

7. insulin 

8 - eiythropoietin (EPO) 

9. folliele stimulating hormone and luteinizing hormone 
10- ealeitonin 





The Blood 


T his ehapter focuses on the circulating blood. The circulating blood provides a vital ftjnetion 
for survival. The blood transports hormones to their destination, it transports vvaste prod- 
ucts to the kidneys for removal, and it transports ions to various parts of the body. 

Blood eomposition 

If a sample of blood were put into a test tube and prevented from elotting, it would separate 
into two major layers. The surface layer would account for about 55%, and the lower layer would 
be about 45%. The surface layer is plasma, which is mostly water, and the bottom layer is cellu- 
lar, of which about 99% would be erythroeytes and about 1% would be leukocytes. The cellular 
layer (bottom layer) would ftjrther separate into erythroeytes and leukocytes. The erythroeytes 
are denser than leukocytes so they beeome the most inferior layer, and the leukocytes will settle 
between the erythroeyte layer and plasma. Figure 14-1 illustrates the various layers of blood and 
Table 14-1 lists the eomponents and speeifie faets about eaeh eomponent. 



55% (Plasma eonsisting mostly of water) 


45% (Cellular layer eonsisting mostly of erythroeytes) 


Figure 14-1: The layers of whole blood. 
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Table 14-1 Faets About Whole Blood Components 

IVAio/e Blood Component 

BríefFaets 

Plasma 

Constitutes about 55% of the whole blood. 

Gonsists of 92% water. 

Gonsists of 7% protein. 

Gonsists of 1% ions and minerals. 

Plasma eonsists of 3 major proteins. 

Fibrinogen: Involved with blood elotting. 

Albnmin: Contributes to blood osmotie pressure. 

Globnlins: Serve as antibodies/bind to and transports hormones. 

Two major ions in the plasma: sodium ions (Na^T and ehloride ions (Cf"). 
Other ions are potassium ions (K’T and caldum ions (Ca^T. 

Cellular 

Constitutes about 45% of the whole blood. 
eonsists of three major cellular eomponents. 

Erythroeytes: Transport oxygen and earbon dioxide. There are about 

5 million per cubic mm of blood. 

Lenkoeytes: Defend the body against pathogens. There are about 
5,000 to 11,000 per cubic mm of blood. 

Platelets: Involved in blood elotting. There are about 350,000 to 
450,000 per cubic mm of blood. 

Erythroeytes make up about 99% of the cellular eomponent. 

Leukocytes make up less than 1% of the cellular eomponent. 

Platelets make up less than 1% of the cellular eomponent. 


Red Blood Cells 

Red blood eells (erythroeytes) are formed in bone marrovv. A hormone (erythropoietin) is pro- 
duced by the kidneys. This hormone targets the stem eeiis of the bone marrovv and causes the 
eeiis to differentiate into erythroeytes. The proeess of eonverting stem eeiis into erythroeytes is 
eaiied erythropoiesis. 

The function of eiythroeytes is to transport oxygen from the iungs to the tissues of the body and 
to transport earbon dioxide from the tissues to the iungs for exhaiation. If there is a defieieney 
in erythroeytes, there vvill be a defieieney in oxygen. A deerease in oxygen arriving at the kid- 
neys vvill trigger the kidneys to release erythropoietin (EPO). Erythropoietin vvill target the 
erythroblasts (bone marrovv stem eells) and cause them to undergo erythropoiesis. 


Erythroeyte Structure 

Erythroblasts have a nucleus and eell organelles. As the erythroblasts are undergoing erythro- 
poiesis, they lose their nucleus and eell organelles and begin to ineorporate hemoglobin in their 
plaee. Hemoglobin is a molecule that is made of amino aeids (and is therefore eonsidered to be 
a protein molecule) and heme. Heme is a complex organie molecule that eonsists of iron. 

Oxygen binds to the iron portion of heme vvhile earbon dioxide binds to the amino aeid portion 
of the hemoglobin molecule. 
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Erythroeyte Life Span 

During eiythropoiesis, the erythroblasts iose their nucieus and eeii organelies. Therefore, the 
anucieated red blood eelis do not have anything to keep them aiive. So, the erythroeyte has a 
veiy iimited life span. Their iife span is about 120 days. Because they don’t have a nucieus or eeii 
organelies, they eannot repair themselves (undergo mitotie events) if they are damaged. 


Example Problems 

1. VVhoie blood appears red because about 99% of the ceiluiar eomponents are 
answer: eiythroeytes (red blood eells) 

2. Eiythroeyte is the name for red blood eells. VVhat is the name for vvhite blood eells? 
answer: leukocytes 

4. Eiythropoietin is produced and released by the_when 

_eoneentrations are low. 

answer: kidneys; oxygen 

5. VVhite blood eells are more dense than plasma but less dense than_. 

answer: eiythroeytes 

6 . The stem eells that are responsible for forming erythroeytes are ealled_ 

answer: eiythroblasts 

White Blood Gells 

VVhite blood eells (lenkoeytes) are formed from stem eells in bone marrow just as erythroeytes 
are. There are a variety of hormones and triggering meehanisms involved. The proeess of forming 
leukocytes is ealled lenkopoiesis. There are five major types of leukocytes. Gonsider the follow- 
ing list of leukocytes and their ftjnetions. 

□ Nentrophils: 

About 50-70% of the leukocytes are neutrophils. 

Speeialize in attaeking and destroying baeteria. 

□ Eosinophils: 

About 2-4% of the leukocytes are eosinophils. 

These eells respond during an allergie reaetion and also during a parasite infeetion such 
as worm infestation. 

□ Basophils: 

Less than 1% of the leukocytes are basophils. 

These eells release histamine that promotes inflammation that is involved in the healing 
of a wound. 
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□ Monoeytes: 

About 2-8% of the leukocytes are monoeytes. 

Two monoeytes ean fuse together to produce a gigantie eeii. This gigantie eeii ean enguif 
(phagoeytize) rather iarge foreign partieies. This gigantie eeii is typieaiiy referred to as a 

maerophage. 

□ Lymphoeytes: 

About 20-40% of the ieukocytes are iymphoeytes. 

Lymphoeytes respond to baeteriai infeetions as weii as virai infeetions. 


Leukocyte Response 

If the body encounters an infeetion of some sort, the Ieukocytes will respond by undergoing eell 
reproduction and, thereby, inereasing in numbers. For example, if the body experiences a baete- 
rial infeetion, the neutrophiIs will respond by inereasing in numbers in an effort to phagoeytize 
the baeteria, thereby resulting in getting the body baek into homeostasis. If the body experi- 
enees a viral infeetion, typieally the lymphoeytes will inerease in numbers in an effort to destroy 
the viruses. Lymphoeytes generally do not phagoeytize; rather, they release a host of ehemieals 
that will destroy viruses. 

Examination of the Ieukocytes ean help a physieian determine why a patient is out of homeostasis. 
VVhen a patient is in homeostasis, their Ieukocyte count wouId be 5,000 to 11,000 WBCs/mm^. A 
laboratoiy teehnologist ean examine a sample of blood and actually count the number of WBCs a 
patient has. For example, if the count is in excess of 11,000/mm^, the iaboratory teehnoiogist will 
then do a differential count. A differential count indieates the number of eaeh eell type out of a 
random sample of 100 eells. A pereentage ean easily be determined and is then eompared to the 
normal values such as those in the preeeding seetion. If the laboratoiy teehnologist determines that 
the pereentage of neutrophiIs is high, that’s a good indieation that the patient has a baeterial infee- 
tion. The teehnologist ean then culture the baeteria to determine what Idnd it is and based on that 
report, the physieian ean then preseribe a speeifìe type of antibiotie that is designed to Idll that spe- 
eifie kind of baeteria. 


Example Problems 

1. Which Ieukocyte releases histamine?_ 

answer: basophil 

2. If a patient has a viral infeetion, which Ieukocyte wouId you expect to be high in numbers? 

answer: lymphoeytes: other Ieukocytes may inerease too but lymphoeytes are the main 
ones regarding viruses. 

3. Which Ieukocyte is the least eommon in a patient who is in homeostasis?_ 

answer: basophil 
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4. A laboratory teehnologist did a differentiai count of the ienkoeytes and determined there 
to be 11 iymphoeytes out of 100 eeiis counted. is this vaiue too high or too iow regarding 
normai iymphoeyte counts? 

ansvver: this wouid be too iow. 11 iymphoeytes out of 100 = 11% (11/100 x 100 = 11%). 
A normai count is 20-40%. 

5. A patient who is aiiergie to ragweed probabiy has a higher than normai number of 
_. (Ghoose one of the 5 ieukocytes). 


ansvver: eosinophiis 

Platelets and Platelet Response 

Platelets were formeriy known as thromboeytes. The sufflx “eytes” denotes that they are a eeii. 
However, it has been found that they are not eeiis. They are actuaiiy iittie fragments of stem eeiis 
eaiied megakaryoblasts. Megakaryobiasts are iarge eeiis that wiii fragment when they begin to 
ieave the bone marrow and enter into circuiation. These iittie fragments eontain ehemieais that 
wiii be reieased when it is time for biood eiotting. Because these iittie fragments iook iike iittie 
piates (when they are highiy magnifled) they are eaiied piateiets. The formation of the piateiets 
is stiii referred to as thrombopoiesis, however. 

VVhen a biood vessei is cut, it typieaiiy deveiops jagged edges. Piateiets circuiating in the biood 
wiii stiek to those jagged edges. As the piateiets stiek they begin to piie on top of eaeh other. The 
piateiets on the bottom begin to burst open. VVhen they do, they reiease a ehemieai eaiied platelet 
thromboplastin faetor (PTF). This ehemieai initiates the biood eiotting proeess (hemostasis). There 
are a series of ehemieai reaetions ieading to the formation of a eiot. These ehemieai reaetions 
require severai biood eiotting faetors. Tabie 14-2 discusses a few seieet biood eiotting faetors. The 
biood eiotting faetors are numbered with Roman numerais from i to Xiii. However, biood eiotting 
faetor Vi has been found to not be a part of the reaetions. The faetors are numbered aeeording to 
when they were diseovered. Anticoaguiants (antieiotting agents) are ehemieais that prevent biood 
from eiotting by inhibiting the aetion of either the piateiets or one of the biood eiotting faetors. 


Table 14-2 Seleet Blood eiotting Faetors 

Blood eiotting 
Faetors 

Blood eiotting Faetor Information 

Calcium 

ions (ea^") 

This is blood elotting faetor IV. 

Heparin is an antielotting agent that inhibits faetor IV. 

Calcium ions ean be obtained from proper diet. 

Fibrinogen 

This is blood elotting faetor 1. 

This is one of the blood proteins mentioned earlier. 

Antihemophiliae 

faetor 

This is blood elotting faetor VIII. 

People laeking the gene for this faetor have the disease known as hemophilia. 

ehristmas faetor 

This is blood elotting faetor IX. 

This faetor is produced by the liver. The liver needs vitamin K to make this faetor. 
Coumadin is an antielotting agent that prevents the liver from using vitamin K. 

This faetor was named after a family with the last name of Christmas. This family laeked 
a blood elotting faetor and researehers named it after them and it was the 9th faetor 
diseovered. 
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As we age (or because of what we eat), we begin to build up plaque in our arteries. This plaque 
has jagged edges. Therefore, platelets have a tendeney to stiek to those jagged edges. Onee 
again, the bottom platelets burst and release platelet thromboplastin faetor. This sets up the 
seenario for a blood elot. If this blood elot travels to the brain, a stroke may result. This is why 
many physieians suggest taking aspirin to reduce the ehanees of a eerebral elot. Aspirin aets as 
an antielotting agent because it reduces the stiekiness of the platelets. If the platelets ean’t stiek 
to anything, they ean’t release platelet thromboplastin faetor. Without this faetor, the blood elot- 
ting proeess will not begin. 


Example Pmblems 

1. Thromboeytes are now known as_. 

ansvver: platelets 

2. Platelets are derived from bone marrow eells ealled_. 

ansvver: megakaryoblasts 

3. Coumadin does not ehange the eonsisteney of blood and therefore really does not thin the 
blood. Rather, coumadin prevents blood from elotting by preventing the liver from using 

_, which is neeessary to make some of the blood 

elotting faetors. 

ansvver: vitamin K 

4. The eondition of hemophilia is due to the laek of elotting faetor number_. 

ansvver: VIII 

5. Which antielotting agent reduces the stiekiness platelets and therefore reduces blood 
elotting? 

ansvver: aspirin 


Work Problems 

1. The largest eomponent of whole blood is_. 

2. Lymphoeytosis is a term that means having too many lymphoeytes. Lymphopenia is a 
term that means not having enough lymphoeytes. Which term would apply if a patient 
had 15% lymphoeytes? 

3. Neutrophilia is a term that means having too many neutrophils. Neutropenia is a term 
that means not having enough neutrophils. Which term would apply if a patient had 82% 
neutrophils? 

4. Aspirin is not a blood thinner because it does not ehange the eonsisteney of blood. It 
prevents blood from elotting by doing what to the platelets? 
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5. True or false: The Christmas faetor was identified on Ghristmas day. 

6 . A patient with an excess of eosinophiis probabiy has either an aiiergy of some sort or an 

infestation of_. 

7. The proeess of red biood eeii formation is eaiied_and the 

proeess of white biood eeii formation is eaiied_. 

8 . The_are the eeiis that fight infectious organisms. 

9. Oxygen binds to hemogiobin to be transported to aii tissues of the body. However, more 

speeifieaiiy, oxygen binds to the_portion of the hemogiobin 

moiecuie. 

10. The most eommon white biood eeii circuiating in a patient’s biood who is in homeostasis 
is 


Worked Solutions 

1. plasma 

2. lymphopenia 

3. nentrophilia 

4. Aspirin rednees the stiekiness of the platelets. 

5. false 

6. worms 

7. erythropoiesis; lenkopoiesis 

8. lenkoeytes 

9. iron (Fe) 

10. nentrophils 

Blood Types 

In the 1800s, it was well understood that if a person lost blood, he or she might die. So, because 
it was thought that all blood was the same, physieians wouId take blood from anyone and use 
it for their patients. Most often, the patient died. It was then assumed that perhaps blood from 
one person was not neeessarily the same as another person. By 1933, it was found that different 
people’s blood had different glyeolipids on their blood eell membrane. The first eell studied had 
a speeifie glyeolipid and was given the identifieation letter A (type A blood). The seeond eell 
studied had a speeifie glyeolipid and was given the identifieation letter B (type B blood). The 
third eell studied had a glyeolipid that was identieal to those with type A and also a glyeolipid 
that was identieal to those with type B. These eiythroeytes were identified as AB. The fourth eell 
studied was laeking those speeifie glyeolipids and was given the identifieation as O. 
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Glyeolipids and Blood Typing 

The glyeolipids on the surface of eell membranes are knovvn as antigens. A more preeise term 
when disenssing blood eells is agglutinogen. In order to nnderstand who ean donate to whom, 
we must have an understanding of the glyeolipids on the surface of the eell membrane. We must 
also have an understanding of the types of protein molecules found in the plasma of the blood. 
The plasma proteins (that are assoeiated with blood typing) are ealled antibodies or more preeise; 
agglutinins. Table 14-3 discusses pertinent information regarding agglutinogens and agglutinins. 


Table 14-3 Blood Typing Information 


IVAio/e Blood 

Paeked Cells 

Plasma 

Gonsists of erythroq^tes 
and plasma 

Gonsists of primarily 
erythroeytes. 

Gonsists of primarily plasma. 

The erythroeytes have 
the agglutinogens. 

The plasma has the agglutinins. 

Gonsists of agglutinogens 


Gonsists of agglutinins. 

Blood 

type 

Agglu- 

tinogen 

Agglu~ 

tinin 

Blood 

type 

AgglU' 

tinogen 

Agglu~ 

tinin 

Blood 

type 

Agglu~ 

tinogen 

Agglu~ 

tinin 

A 

A 

b 

A 

A 


A 


b 

B 

B 

a 

B 

B 


B 


a 

AB 

A and B 

none 

AB 

A and B 

none 

AB 


None 

o 

none 

a and b 

o 

none 


o 

none 

a and b 


Donating Paeked Gells 

Whenever an agglutinin binds to an agglutinogen we say it is aetivated and this binding aetion will 
cause the eiythroeytes to clump and could cause death. Therefore, at all eosts, we need to prevent 
the agglutinins from binding to the agglutinogens. Figure 14-2 shows the donation of paeked eells 
to a patient. When donating paeked eells, only the eiythroeyte with its agglutinogen is donated. 

In this seenario, a person with type B blood is going to donate to a patient with type A blood. In 
this ease, we are going to donate paeked eells. Therefore, the only thing that will be donated is 
the erythroeyte (agglutinogen), not the agglutinin. So, put an X over the “a agglutinin,” because 
it is not going to be donated. Look at Figure 14-2b. 
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Now, the only thing to be donated is the erythroeyte with the B agglntinogen. Draw an arrow 
from the donor’s erythroeyte to the inside of the biood vessel as shown in Figure 14-2c. 

Draw the donated erythroeyte inside the blood vessei. Then, eheek to see if there are any agglu- 
tinogens that have the same “letter” as the agglutinin. In this ease, the agglutinogen is the same 
letter as the agglutinin. Both “letter Bs” are in the same blood vessel. The b agglutinin will bind 
to the B agglutinogen and will cause blood eells to clump. VVe typieally say that the b agglutinin 
has been aetivated. To show the binding, draw an arrow from the b agglutinin to the B agglu- 
tinogen. Examine Figure 14-2d. 
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VVhen the b agglutinin binds to the B agglutinogen, clumping (agglutination) will occur. VVhen 
blood eells clump, they will burst (hemoiyze). If the agglutinogens inside the blood vessel have 
a different “letter” than the agglutinins in the blood vessel, clumping will not occur and the 
donation will be safe. 

Examine Figure 14-3 a through d to see another example of a paeked eell donation. 

In this seenario, a person with type AB blood is going to donate to a patient with type B blood. 
In this ease, we are going to donate paeked eells. Therefore, the only thing that will be donated 
is the erythroeyte (agglutinogen), not the agglutinin. So, put an X over the “agglutinin,” because 
it is not going to be donated. However, in this ease, the donor’s plasma doesn’t eontain any 
agglutinins. Lookat Figure 14-3b. 

Now, the only thing to be donated is the erythroeyte with the A and B agglutinogen. Draw an 
arrow from the donor’s erythroeyte to the inside of the blood vessel as shown in Figure 14-3c. 

Draw the donated eiythroeyte inside the blood vessel. Then, eheek to see whether there are any 
agglutinogens that have the same “letter” as the agglutinin. In this ease, one of the agglutinogens 
is the same letter as the agglutinin. Both “letter As” are in the same blood vessel. The a agglu- 
tinin will bind to the A agglutinogen and will cause blood eells to clump. VVe typieally say that 
the a agglutinin has been aetivated. To show the binding, draw an arrow from the a agglutinin to 
the A agglutinogen. Examine Figure 14-3d. In this ease, the donated erythroeytes will aggluti- 
nate and hemolyze. 




b. 
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e. 



Figure 14-3: Donation of paeked eells. 


Example Problems 

Follovv the steps identified in Figure 14-2 and 14-3 to ansvver the foiiovving questions. 

1. Can type B paeked eeiis safeiy donate to a type AB patient? 

ansvver: yes; In this ease, you are donating the B aggIutinogen. The AB patient does not 
have any agglutinins so there isn’t anything to bind to the B aggIutinogen. 

2. Can type B paeked eells safely donate to a type O patient? 

answer: no; In this ease, you are donating the B aggIutinogen. The type O patient has 
the a and b agglutinins. The b agglutinins vvill bind to the B aggIutinogens. CIumping vvill 
occur. 

3. Can type O paeked eells safely donate to a type A patient? 

answer: yes; In this ease, you are donating the erythroeyte that doesn’t have any 
agglutinogens. Because there aren’t any agglutinogens, there isn’t anything for the 
b agglutinins (from the A patient) to bind to. 
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4. Can type AB paeked eells safely donate to a type O patient? 

answer: no; In this ease, you are donating A and B agglntinogens. The type O patient has 
the a and b agglutinins. Both the a and b agglutinins will bind to the A and B aggIutinogens. 
Clumping will occur. 

5. Can type O paeked eells safely donate to a type AB patient? 

answer: yes; In this ease, you are donating an erythroeyte that doesn’t have any 
agglutinogens. Also in this ease, the type AB patient doesn’t have any agglutinins. 

There isn’t anything to bind to any agglutinogens and there aren’t any agglutinogens 
to bind to anyway. 

Donating Whole Blood 

Examine Figures 14-4a through 14-4d to see how whole blood is donated. VVhen donating 
whole blood, both the erythroeyte (with its agglutinogen) and the plasma (with its agglutinins) 
are part of the donation. 

In this seenario, a person with type B blood is going to donate to a patient with type A blood. In 
this ease, we are going to donate whole blood. Therefore, we are going to donate not only the 
agglutinogen but also the agglutinin. So, we do not need to put an X over the “a agglutinin,’’ 
because it is going to be donated. Look at Figure 14-4b. 

Draw an arrow from the donor’s eiythroeyte to the inside of the blood vessel as shown in 
Figure 14-4c. Also, draw an arrow from the donor’s a agglutinin into the patient’s blood vessel. 
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Donor 


Patient 






d. 

Figure 14-4: Donation of whole blood. 

Draw the donated erythroeyte inside the blood vessel. Then, write the letter a in the biood ves- 
sel to represent the donation of the aggintinin. Then, eheek to see if there are any aggintinogens 
that have the same “ietter” as the aggintinin. In this ease, the agglntinogen is the same letter 
as the agglntinin. Both “letter Bs” are in the same blood vessel. The b agglntinin will bind to the 
B agglntinogen and will cause blood eells to clump. VVe typieally say that the b agglutinin has 
been aetivated. Also, there is a eapital A and a lower ease a in the same blood vessel. To show 
the binding, draw an arrow from the b agglutinin to the B agglutinogen and from the a agglu- 
tinin to the A agglutinogen. Examine Figure 14-4d. 

VVhen the b agglutinin binds to the B agglutinogen, clumping (agglutination) will occur. VVhen 
the a agglutinin binds to the A agglutinogen, clumping will occur. VVhen blood eells clump, they 
will burst (hemolyze). If the agglutinogens inside the blood vessel have a different “letter” than 
the agglutinins in the blood vessel, clumping will not occur and the donation will be safe. 


Example Problems 

Follow the steps identified in Figure 14-4 to answer the following questions. 

1. Can type B whole blood safely donate to a type AB patient? 

answer: no; In this ease, you are donating the B agglutinogen and the a agglutinin. The 
donated a agglutinin will bind to the A agglutinogen of the patient. 
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2. Can type A vvhole blood safely donate to a type O patient? 

answer: no; In this ease, you are donating the A aggIutinogen and the b agglutinin. The 
a agglutinin of the patient will bind to the donated A aggIutinogen. Blood will clump. 

3. Can type O whoIe blood safely donate to a type A patient? 

answer: no; In this ease, you are donating the eiythroeyte that doesn’t have any 
aggIutinogens. However, you are donating the a and b agglutinins. The type A patient 
has the b agglutinins. The b agglutinins will not bind to anything. However, the donated 
a agglutinins will bind to the patient’s A aggIutinogen. Blood will clump. 


Donating Plasma 

Examine Figures 14-5a through 14-5d to see how piasma is donated. VVhen donating plasma, 
only the plasma (with its agglutinins) is included in the donation. 

In this seenario, a person with type B blood is going to donate plasma to a patient with type A 
blood. This type of donation is worded in this manner: Type B plasma is being donated to a 
type A patient. In this ease, we are going to donate just the plasma. Therefore, we are going 
to donate only the agglutinin. So, we will need to put an X over the erythroeyte of the donor. 
Look at Figure 14-5b. 

Draw an arrow from the donor’s plasma to the inside of the blood vessel as shown in Figure 14-5c. 




b. 
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d. 

Figure 14-5: Donation of plasma. 


VVrite the letter a in the biood vessei to represent the donation of the aggintinin. Then, eheek to 
see if there are any aggintinogens that have the same “ietter” as the aggintinin. In this ease, the 
agglntinogen (of the patient) is the same letter as the donated agglntinin. To show the binding, 
draw an arrow from the a agglntinin to the A agglntinogen. Examine Figure 14-5d. 

VVhen the a agglutinin binds to the A aggIutinogen, clumping (aggIutination) will occur. VVhen 
blood eells clump, they will burst (hemolyze). If the aggIutinogens inside the blood vessel have a 
different “letter” than the agglutinins in the blood vessel, clumping will not occur and the dona- 
tion will be safe. 


Example Problems 

FoIIow the steps identified in Figure 14-5 to answer the following questions. 

1. Can type A plasma be donated to a type B patient? 

answer: no; In this ease, you are donating the b agglutinin. The donated b agglutinin will 
bind to the B agglutinogen of the patient Blood will clump. 
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2. Can type AB plasma be donated to a type A patient? 

ansvver: yes; In this ease, you are donating the plasma of a type AB person. AB people do 
not have any agglntinins. The donated plasma does not have any agglntinins to bind to 
the aggIutinogens of the patient. This is a safe donation. 


Work Problems 

1. Can type AB vvhole blood donate to a type O patient? 

2. Can type O paeked eells donate to a type B patient? 

3. Can type A plasma be donated to a type AB patient? 

4. VVhy is a person with type O paeked eells eonsidered to be the universal donor? 

5. Type AB people ean only reeeive blood from other AB people because they have both 

kinds of_. 

6 . VVhen we are donating type A plasma, we are actually donating the_ 

of a type A donor. 

7. Type A plasma eannot be donated to a type B patient because the plasma from the donor 

eontains the_agglutinins, which will bind to the aggIutinogens of the patient. 

8 . VVhen whoIe blood is being donated, both the_and 

_are being donated to the patient. 

9. In the ease of paeked eell donations, the_are not being donated. 

10. In the ease of plasma donations, the_are not being donated. 


Worked Solotions 

1. no. The a and b agglutinins of the type O patient will bind to the A and B aggIutinogens 
of the donor. 

2. yes. The a agglutinins of the patient do not have anything to bind to from the donor. The 
donor doesn’t have any aggIutinogens. 

3. no. The b agglutinins of the donor will bind to the B aggIutinogens of the patient. 

4. Type O paeked eells Is the nnlversal donor beeanse a type O person does not have 
any agglntlnogens. VVithout aggIutinogens, there isn’t anything for agglutinins, in the 
patients, to bind to. 

5. agglntlnogens 

6. agglntlnlns 

7. b 


8 . 


agglntlnogen; agglntlnln 
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9. agglutinins 
10. aggiutinogens 

The Rh faetor 

There are numerous agglutinogens on the surface of erythroeytes. By far the most eommon are 
elassifìed as the ABO group. Eaeh time an agglutinogen is diseovered, it is given a letter of the 
alphabet, typieally in the sequence in vvhieh they were diseovered. As time went on, there was 
a e agglutinogen and then a D agglutinogen, ete. The D agglutinogen has been dubbed as the 
Rh faetor. This is because the D agglutinogen was first diseovered in a group of monkeys with 
the genus name Rhesus. People who have the D agglutinogen on their erythroeyte are said 
to have positive blood. People who don’t have the D agglutinogen are said to have negative 
blood. The D agglutinogen has gained a lot of prominenee due to its effeets during pregnaney. 
Figure 14-6 illustrates the aetion of the D agglutinogen. 

In this seenario, we are donating type B+ paeked eells to a person with type B- blood. Draw an 
arrow from the donor’s erythroeyte to the inside of the blood vessel. Look at Figure 14-6b. 

Draw the B+ erythroeyte inside the blood vessel. Then look to see if there are any agglutinins 
that will bind to the agglutinogens. Look at Figure 14-6c. 

This is a safe donation. B+ paeked eells ean be donated to a B- person. However, over a period 
of time, the B- person will begin to manufacture the d agglutinins. The B+ donated blood will 
die and deeompose in about 120 days. Figure 14-6d shows the manufactured d agglutinins. 




b. 
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Now, some time later, the same B- patient needs some more blood. Let’s donate some B+ blood 
to this person. After all, it was a safe donation before. Figure 14-6e shows the donated B+ blood 
in the patient’s blood vessel after the seeond donation. 

Now, examine to see if there are any agglntinins that will bind to an agglntinogen. In this ease, 
the d agglutinin that was manufactured from the first positive donation will bind to the D agglu- 
tinogen from the donor’s blood. This is now an unsafe donation. 
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Many years ago, it was said that a negative patient couid reeeive positive biood oniy onee. Sinee 
1970, however, a negative patient ean reeeive positive biood severai times. This is because of 
the deveiopment of a drug eaiied RhoGam. 

VVhen a negative patient reeeives positive biood, they are given a shot of RhoGam. RhoGam 
does not prevent the negative patient from manufacturing the d aggiutinin but rather it wiii 
mask the d aggiutinins when they are produced. Therefore, because the d aggiutinins are 
masked, they wiii not bind to anything and therefore aet as though they don’t exist. 

The Rh faetor was a grave eoneern to pregnant women prior to 1970. If the expectant mother 
has negative blood and the developing baby has positive blood, the positive blood wouId (at 
the time of birth) enter into the mother’s bloodstream. This wouId be just like a positive donation 
given to a negative patient. The expectant mother will begin to manufacture the d agglutinin. 
Now, mother has the d agglutinin in her plasma. If any of the d agglutinins shouId happen to en- 
ter into the baby’s circuIatoiy system, there will be a eombination of the D aggIutinogen and d ag- 
glutinin in the baby’s bloodstream. Agglutination will occur in the baby and cause death to the 
ehild. If the baby dies before birth, it is known as erythroblastis fetalis and if the baby dies after 
birth, it is l<nown as hemolytie disease of the nevvborn (HDN). 

But, today there is not a problem. If the expectant mother has negative blood, she is given a 
shot of RhoGam during pregnaney. RhoGam will mask any d agglutinins the mother may pro- 
duce before birth. She is also given a seeond shot of RhoGam right after the birth of the ehild to 
mask any d agglutinins that might be made at that point in time due to “leakage” of the baby’s 
blood through the plaeenta into the mother’s circulatory system. 


Example Problems 

The following questions are in referenee to the Rh faetor. 

1. Can an A- patient reeeive A+ blood a seeond time prior to 1970? 

answer: no; The A- patient would have manufactured the d agglutinins from the first 
positive donation. Those d agglutinins will bind to the D agglutinogens from the donor’s 
blood from the seeond donation. 

2. Can an AB- patient reeeive AB+ blood a seeond time after 1970? 

answer: yes; RhoGam was developed and widely used after 1970. RhoGam would mask 
any d agglutinins produced from the flrst donation of positive blood and therefore would 
ensure that the seeond donation would be safe. 

3. RhoGam got its name from_. 

answer: researeh conducted on Rhesus monkeys 


Work Problems 

1 - Can type AB+ paeked eells donate to a type AB- patient a seeond time sinee the advent 
of RhoGam? 

2. True or false: RhoGam prevents an Rh- patient from producing the d agglutinins. 

3- Prior to RhoGam, a problem may have existed during pregnaney if the expectant mother 
had Rh blood and the first born had Rh blood. 
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4. Who has the ability to manufacture the d aggiutinins (Rh+ peopie or Rh- peopie)? 

5. Prior to RhoGam, an Rh- person wouid deveiop the d aggiutinins oniy if they were 
exposed to what kind of biood? 

6 . Hemoiytie disease of the newborn is due to the D aggiutinogens of the baby being 

exposed to the_from mother’s biood. 

7. In the Caucasian popuIation, approximateIy 70% of the popuIation has positive blood. This 

means they have the_aggIutinogen. 

8 . A person who is eonsidered to have A+ blood has the_aggIutinogen and 

the_aggIutinogen. 

9. A person who is eonsidered to have B- blood is laeking the_aggIutinogen. 

10. What kind of aggIutinogens does an 0+ person have? 

Worked Solations 

1. yes. Because the development of RhoGam, any agglutinins produced by the AB- patient 
will be masked. 

2. false. RhoGam will only mask the produced d agglutinins. 

3. negative; positive 

4. Rh- people are the only ones who have the geneties to mannfaetnre the 
d agglntinins. 

5. Exposure to Rh+ blood would cause the Rh- people to manufacture the 
d agglutinins. 

6. d agglntinins 

7. D agglntinogen 

8. A; D 

9. D 

10. An 0+ person has only the D agglntinogen. 

ehapter Problems and Solutions 

Problems 

1. Erythropoietin is produced by the_. 

2. The stem eells of red blood eells are ealled_. 

3. Plasma makes up about_% of whoIe blood. 
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4. The major eomponent of plasma is_. 

5. A cubic mm of biood eontains about_erythroeytes. 

6 . VVhat triggers the reiease of erythropoietin?_ 

7. Type A paeked eeiis eannot donate to a type B patient because the_ 

of the B patient wiii bind to the_of the donor. 

8 . Type O paeked eeiis is eonsidered to be the universai donor because the type O donor 

iaeks_. 

9. Type AB wouid be eonsidered the universai donor of piasma because their piasma does 

not eontain any_. 

10. Oniy Rh_peopie have the abiiity to manufacture the d aggiutinins. 

Ansvvers and Solutions 

1. kidneys 

2. erythroblasts 

3. 55% 

4. water (92%) 

5. 5 million 

6. a laek of oxygen going to the kidney eells 

7. a agglntinins; A agglntinogens 

8. agglntinogens 

9. agglntinins 

10. negative. If Rh+ people had the geneties to manufacture the d agglutinin, they wouId 
have aggIutination within their own blood. 

Supplemental Ghapter Problems 

Problems 

1. An excess number of Ieukocytes are ealled Ieukocytosis. Therefore, an excess number of 

monoeytes wouId be ealled_. 

2. A WBC count that shows a reduced number of Ieukocytes is ealled Ieukopenia. Therefore, 

a Iow number of lymphoeytes wouId be ealled_. 

3. A laboratory teehnologist did a differential count of the Ieukocytes and determined there 
to be 15 lymphoeytes out of 100 eeiis counted. Is this value too high or too Iow regarding 
normal lymphoeytes counts? 
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4. VVhen basophils release_during an ailergy response, 

they typieaily cause the blood vessels iining the nasai eavity to dilate thus resulting in a 
runny nose. 

5. VVhen oxygen binds to the_portion of hemoglobin, it causes the 

blood to beeome a bright red eolor. 

6 . Garbon monoxide is a deadly gas. It ean cause death because earbon monoxide has an 
affeet on the respiratory eenters and also causes the blood eells to basieally deliver less 

oxygen to the tissues of the body. This is because earbon monoxide binds to the_ 

portion of the hemoglobin just as oxygen does. 

7. The proeess of red blood eell formation is ealled_. 

8 . The proeess of blood elotting is ealled_. 

9. If the body experiences a eondition knovvn as hypoxia, this will cause the kidneys to begin 

releasing_. 

10. Excessive aspirin intake could cause failure of the_ 

meehanism. 


Ansvvers 

1 . monoeytosis 

2 . lymphopenia 

3. This turns out to be 15% lymphoeytes. A normal value is 20-40%. A value of 15% would 
be too low. This is known as lymphopenia. 

4. histamine 

5. iron 

6 . iron 

7. erythropoiesis 

8 . hemostasis 

9. erythropoietin 

10 . blood elotting 



The Heait and Blood Vessels 


e hapter 14 discusses the numerous ftjnetions of the biood, such as transporting oxygen 
and nutrients to tissues and transporting hormones to various tissues, so that the body 
ean respond in a speeified manner. This ehapter discusses how the heart is invoived in 
pumping the biood to aii the tissues, so that the biood ean earry out its ftjnetion. As the heart 
pumps, it forees the biood into a whoie array of biood vesseis. 

Structure of the Internal Heart 

The best way to study the structure of the heart is to take a drop of biood and foiiow it through 
the heart. As the biood is traveiing through the heart, identify the structures it passes through. 
Figure 15-1 shows the internai structures of the heart and eaeh part is identified with a number; 
refer to it as you read the step-by-step fiow of biood through the heart. 



Figure 15-1: Internal structures of the heart. 
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1. Begin with blood in ehamber number 1, the right atrium. 

2. The blood wili then pass through structure number 2, the trieaspid vaive. 

3. The blood passes through the valve and enters into ehamber number 3, the right ventrieie. 

4. From there, the blood is pumped upward toward valve number 4, the puimonary 
semiinnar vaive. 

5. The blood passes through the valve and enters number 5, the pnimonary trunk. 

6. From the pulmonary trunk, the blood enters number 6, the pnimonary arteries. 

7. The blood in the pulmonary arteries is on its way to the lungs to piek up oxygen. 

8 . After the blood pieks up oxygen in the lungs, it returns to the heart by traveling through 
number 7, the pnimonary veins. 

9. The pulmonary veins will transport the blood to ehamber number 8, the ieft atrium. 

10. The blood will then pass through structure number 9, the bicuspid vaive. 

11. The blood passes through the valve and enters into ehamber number 10, the ieft ventrieie. 

12. From there, the blood is pumped upward toward valve number 11, the aortie semiinnar 
vaive. 

13. The blood passes through the valve and enters structure number 12, the aseending aorta. 

14. From there, the blood continues on into number 13, the aortie areh. 

15. Blood in the aortie areh will enter into several vessels. In essenee, at this point, the blood in 
the aortie areh is on its way to the head, arms, ehest, and lower body. As the blood reaehes 
the rest of the body, it delivers oxygen to the tissues and pieks up the waste product, 
earbon dioxide (GOz) that is produced by the tissues. The blood now returns to the heart 
via two major vessels. 

16. From the lower body, the blood returns to the heart via vessel number 14, the inferior 
vena eava. 

17. Blood in the inferior vena eava (IVC) will enter the right atrium. 

18. From the upper body, the blood returns to the heart via vessel number 15, the snperior 
vena eava. 

19. Blood in the superior vena eava (SVC) will enter the right atrium. 

Figure 15-2 is a flow ehart showing the blood flow from aseending aorta and the aortie areh. 

Figure 15-3 identifies the vessels mentioned in the flow ehart. 



ehapter 15: The Heart and Blood Vessels 



artery 


artery 


artery 


aorta 


aorta 


t 

Rìght 

subcldvìan 

artery 

I 

Goes to 
the right 
arm 


t 

Right 

earotid 

artery 

I 

Goes to 
the right 
side of the 
head 


Goes to the 
left side of the 
head 


Goes to the 
left arm 


Goes to the 
lower 

extremities 


Goes to the 
heart muscle 


Figure 15-2: Blood flow from the aseending aorta and aortie areh. 



Figure 15-3: Blood vessels of the aseending aorta and aortie areh. 
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Example Pmblems 

1. Blood in the aortie areh eame from vvhieh ehamber of the heart? 
ansvver: left ventriele 

2. Biood entering the lungs eame from vvhieh ehamber of the heart? 
ansvver: right ventriele 

3. Blood passing throngh the tricuspid valve eame from vvhieh ehamber of the heart? 
ansvver: right atrium 

4. Blood in the pulmonary_is on its vvay to the lungs. 

ansvver: arteries 

5. Blood in the pulmonaiy_is on its vvay baek to the heart from 

the lungs. 

ansvver: veins 

Ansvver the follovving questions based on the information in Figure 15-2 and Figure 15-3. 

1. Identify blood vessel a in Figure 15-3. 

ansvver: right subclavian artery 

2. Identify blood vessel b in Figure 15-3. 
ansvver: braehioeephalie artery 

3. Identify blood vessel e in Figure 15-3. 
ansvver: right earotid artery 

4. Identify blood vessel d in Figure 15-3. 
ansvver: left earotid arteiy 

5. Identify blood vessel e in Figure 15-3. 
ansvver: left subclavian artery 
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Other Features of the Internal Heart 

The atria of the heart eontraets and forees the blood throngh the atrioventricular vaives (tricus- 
pid and bienspid vaives). Due to the position and shape of the valves, blood naturaiiy flovvs into 
the two ventrieies. The vaives form a one-way door into the ventrieies. Onee in the ventrieies, 
the blood is pumped upward from the apex. As blood is foreed upward, it pushes on the atrio- 
ventricular valves thus foreing them elosed. Now, the only plaee for the blood to go is in the two 
semilunar valves. The semilunar valves are also shaped to form a one-way door into the aseend- 
ing aorta or the pulmonary trunk. 

Because blood is foreed against the atrio-ventricular valves, there needs to be some meehanism 
to prevent the valves from inverting baek into the atria. Notiee that those valves have ehords 
attaehed to them. These are the ehordae tendineae (letter a in Figure 15-4). These ehords are 
attaehed to speeial muscles in the ventrieles ealled papillary maseles (letter b in Figure 15-4). 
The papillaiy muscles eontraet in such a manner to prevent the valves from inverting. If the 
valves don’t elose properly, blood may pass baek into the atria (going backwards through the 
valves). As the blood passes in reverse through the valves, it ereates a sound. This is termed as 
a heait murmur. 

Loeated only in the right ventriele is the moderator band (letter e in Figure 15-4). The modera- 
tor band serves to “moderate” the size of the right ventriele. Notiee that the right ventriele has a 
thinner wall than the left ventriele. Because the right ventriele has thin walls, it has a tendeney to 
expand too much when blood from the right atrium enters the ventriele. The moderator band 
serves to prevent “hyperexpansion” of the right ventriele. 

The left ventriele has a much thieker wall than the right ventriele. Blood in the left ventriele has 
to be pumped out to all parts of the body. Therefore, a strong muscular pump is required. Blood 
in the right ventriele only has to travel to the lungs. The lungs are in elose proximity to the heart. 
Therefore, a weaker pump is sufficient to get the blood to the lungs. Examine Figure 15-4. 



Figure 15-4: Other Internal structures of the heart. 
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The Conducting System of the Heart 

There are spedal eells of the heart that are responsible for getting the heart to eontraet. 

Embedded in the right atrium near the entranee of the snperior vena eava is the sinoatrial node 
(SA node). The sinoatriai node generates impnises that spread aeross the atria. As the impuise 
spreads aeross the atria, it causes the atria to eontraet thereby foreing blood tovvard the ventrieies. 
The impuise arrives at the atrioventrienlar node (AV node). This group of eelis is ioeated at the 
junction of the atria and the ventrieies. From the AV node, the impuise travels down the ventricu- 
lar septum of the heart via the bnndle branehes. Onee the impulse reaehes the apex region of 
the heart, the impulse spreads through the ventrieles via the Pnrkinje fibers. Onee the Purkinje 
fìbers have been aetivated, the ventrieles will eontraet from the apex upward. This aetion forees 
the blood from the ventrieles into the semilunar valves. 

Figure 15-5 shows the heart and the conducting system of the heart, with the various parts of 
the conducting system identified with a letter. Answer the following questions based on the 
letters on Figure 15-5. 



Figure 15-5: The conducting system of the heart. 


Example Pmblems 

Answer the following questions by examining Figure 15-5. 

1. VVhieh letter represents the sinoatrial node? 

ansvver: a 

2. VVhieh letter represents the atrioventricular node? 

answer: b 

3. VVhieh letter represents the bundle branehes? 

answer: d 

4. VVhieh letter represents the Purkinje fibers? 

answer: e 
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The Eleetroeardiogram (ECG) 

A reeording of the eleetrieal aetivities of the eondoetion system of the heart eonstitntes an 
eleetroeardiogram. An eleetroeardiogram eonsists of numerous bumps and vaileys. Eaeh of 
those bumps and valleys iilustrates the aetivity of the heart and relays signifieant information to 
a eardiologist. Figure 15-6 shovvs a sample ECG. The follovving bullet list gives you seleet infor- 
mation regarding those bumps and valleys. 

□ P wave: Represents atrial depolarization, vvhieh eorrelates vvith atrial eontraetion. It also 
represents the impulse aetivity from the SA node to the AV node. 

□ QRS wave: Represents ventricular depolarization, vvhieh eorrelates vvith ventricular eontrae- 
tion. It also represents the impulse along the Purkinje fibers; atrial repolarization occurs 
during this time. 

□ T wave: Represents ventricular repolarization. 

□ P-Qsegment: Represents the impulse traveling dovvn the bundle branehes. 



Figure 15-6: A sample ECG reeording. 


Work Problems 

1. The heart eonsists of (hovv many)_ehambers. 

2. The tvvo superior ehambers of the heart are ealled_and the tvvo 

inferior ehambers are ealled_. 

3. The tricuspid valve is loeated on the_side of the heart. 

4. VVhat is the name of the tvvo atrioventricular valves? 

5. VVhieh vessels are transporting oxygenated blood baek to the heart? 

6 . VVhieh node of the heart is eonsidered to be the paeemaker? 

7. VVhen aetivated, vvhieh nerve fibers cause the ventrieles to eontraet? 
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8 . The QRS complex on an ECG represents the depolarization of the_. 

9. The moderator band is loeated only in the_. 

10. VVhat causes the bienspid and trienspid valve to elose? 

Worked Solations 

1. 4 

2. atria; ventrieles 

3. right 

4. trienspid; bienspid (mitral) 

5. pnlmonary veins. The 1VC and SVC are transporting deoxygenated blood baek to the 
heart. 

6. sinoatrial node (SA node) 

7. Purkin[e fibers 

8. ventrieles 

9. right ventriele 

10. The foree of blood due to the eontraetion of the ventrieles will cause the valves to 
elose as the blood is foreed from the apex up. 

More Heart Information 

Here is additional information about the layers of the heart and its position in the body. 

□ The heart vvalls are made of three layers: 

The epicardium is the outermost layer. 

The endocardium is the innermost layer. 

The myocardium is the middle layer and eonsists of eardiae eells. 

□ The base of the heart is the most superior portion near the aortie areh and pulmonary trunk. 

□ The apex of the heart is the most inferior portion and is the “pointy” part of the heart. 

□ The apex of the heart angles to the left of the midline of the body. 

□ The aortie areh arehes to the left of the heart and beeomes the thoraeie aorta on the pos- 
terior side of the heart. 

□ The pulmonary trunk angles to the left of the heart. 
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Blood Vessels (Arteries) 

Arteries are blood vessels that transport blood away from the heart. Most arteries transport 
oxygenated blood but there are some arteries that earry deoxygenated blood. The pnimonary 
arteries earry deoxygenated blood away from the heart and toward the iungs. 

The best way to study the blood vessels is to take a drop of blood and follow it as it flows through 
the various arteries and veins of the body. Figure 15-7 shows the flow of blood exiting the major 
vessels assoeiated with the heart. 
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Figure 15-7: Chart shovving blood flow away from the heart. 


The blood in the right earotid arteiy enters the eerebral aiterial eirele on the right side. The eere- 
bral arterial eirele supplies blood to the pituitary gland. The left earotid artery enters the eerebral 
arterial eirele on the left side. This organization ensures that the pituitary gland always reeeives a 
rieh supply of blood. Figure 15-8 shows the blood flow away from the heart. 
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Figure 15-8: Blood flow away from the heart. 


Example Pmblems 

Ansvver the follovving questions by examining Figure 15-7 and Figure 15-8. 

1. VVhieh letter represents the braehioeephaiie artery? 

ansvver: e 

2. VVhieh letter represents the right earotid artery? 


ansvver: b 



ehapter 15: The Heart and Blood Vessels 




3. VVhieh letter represents the right subciavian artery? 

ansvver: a 

4. VVhieh letter represents the left snbeiavian artery? 

ansvver: e 

5. VVhieh letter represents the left earotid artery? 

ansvver: d 

Figure 15-9 shovvs the flow of blood from the heart to the arms. Figure 15-10 is a picture that 
illustrates Figure 15-9. The braehial artery branehes in the antecubital region to form the ulnar 
and radial artery. 
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Figure 15-9: Ghart shovving blood flow away from the heart to the arms. 
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Figure 15-10 shovvs the flow of blood from the heart to the arms. 



Figure 15-10: Blood flow to the arms. 


Example Pmblems 

Answer the following questions by examining Figure 15-9 and Figure 15-10. 

1. VVhieh letter represents the subclavian artery? 

answer: a 

2. VVhieh letter represents the axillary artery? 


answer: b 
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3. VVhieh letter represents the braehial artery? 

ansvver: e 

4. VVhieh letter represents the radiai artery? 

ansvver: e 

5. VVhieh letter represents the ulnar artery? 

ansvver: d 

Figures 15-11 and 15-12 show the flow of blood from the heart to the legs. 
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Figure 15-11: Chart shovving blood flow to the legs. 
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Figure 15-12: Blood flow to the legs. 


The deseending aorta ean be divided into the thoraeie aorta and abdominai aorta. The flow of 
blood from the aortie areh is as foilows: aortie areh to the thoraeie aorta to the abdominal aorta 
and then to the iliae arteiy. The popliteal artery branehes in the popliteal region of the leg and 
forms the anterior and posterior tibial artery. 
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Example Problems 

Ansvver the follovving questions by examining Figure 15-11 and Figure 15-12. 

1. VVhieh ietter represents the thoraeie aorta? 

ansvver: a 

2. VVhieh ietter represents the abdominai aorta? 

ansvver: b 

3. VVhieh ietter represents the iiiae artery? 

ansvver: e 

4. VVhieh ietter represents the femorai artery? 

ansvver: d 

5. VVhieh ietter represents the popiiteai artery? 

ansvver: e 

6 . VVhieh ietter represents the anterior tibiai artery? 

ansvver: f 

7. VVhieh ietter represents the posterior tibiai artery? 


ansvver: g 
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Blood Vessels (Veins) 

Veins are blood vessels that transport blood baek to the heart. Most veins eariy deoxygenated 
blood but the pnlmonary veins are retnrning to the heart from the lungs and are therefore earry- 
ing oxygen. Figure 15-13 shovvs the flow of blood from the head region baek to the right atrium 
of the heart. Figure 15-14 illustrates that same information. The right and left braehioeephalie 
veins join together to form the superior vena eava. 



Figure 15-13: Chart shovving blood flovv from the head to the heart. 



ehapter 15: The Heart and Blood Vessels 


255 


Right síde of 
the head 


Left slde of 
the head 


Y 

Ríght jugular 
vein 


t 

Left jugular 
vein 


t 

Right braehioeephalie vein 



Superior vena 
eava 


t 

Left braehioeephalie vein 


t 

Right atrium 


Figure 15-14: Blood flow from the head to the heart. 


Example Problems 

Ansvver the follovving questions by examining Figure 15-13 and Figure 15-14. 

1. VVhieh ietter represents the superior vena eava?_ 

ansvver: e 

2. VVhieh ietter represents the right braehioeephaiie vein?_ 

ansvver: b 

3. VVhieh ietter represents the ieft braehioeephaiie vein?_ 

ansvver: e 

4. VVhieh ietter represents the right juguiar vein?_ 

ansvver: a 

5. VVhieh ietter represents the ieft juguiar vein?_ 


ansvver: d 
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Figure 15-15 is a ehart shovving the flow of blood from the arms baek to the right atrium of the 
heart. Figure 15-16 illustrates the same information. 

Right radial vein Rìght ulnar vein Basilie vein Gephalie vein 



Y 

Braehioeephalie vein 


Y 

Superior vena vein 


Y 

Right atrium 

Figure 15-15: Ghart shovving blood flow from the arms to the heart. 

The radial and ulnar veins join to form the braehial vein. The basilie vein runs the length of the arm 
to the axillary vein. The eephalie vein also runs the length of the arm but joins with the subclavian 
vein. Blood in the eephalie vein will also enter into the basilie vein. The vein that erosses over to 
the basilie about the region of the antecubital is ealled the cubital vein. It’s ealled the cubital vein 
even though it’s in the antecubital region. 
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Figure 15-16: Blood flow from the arms to the heart. 


Example Problems 

Ansvver the follovving questions by examining Figure 15-15 and Figure 15-16. 

1. VVhieh ietter represents the eephaiie vein? 

ansvver: d 

2. VVhieh ietter represents the basiiie vein? 


ansvver: f 
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3- Which letter represents the median cubital vein? 

answer: g 

4- Which letter represents the radial vein? 

answer: i 

5. Which letter represents the ulnar vein? 

answer: h 

6 . Which letter represents the braehial vein? 

answer: e 

7- Which letter represents the axillary vein? 

answer: e 

8 . Which letter represents the subclavian vein? 

answer: b 

9. Which letter represents the right braehioeephalie vein? 

answer: a 

Figure 15-17 is a ehart shovving the flow of blood from the legs baek to the heart. Figure 15-18 
illustrates the same information. Note that the great saphenous vein runs from the lower leg all 
the way to the femoral vein. 
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Figure 15-17: Chart shovving blood flow from the legs to the heart. 
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Figure 15-18: Blood flow from the legs to the heart. 

Example Problems 

Ansvver the follovving questions by examining Figure 15-17 and Figure 15-18. 

1. VVhieh ietter represents the inferior vena eava? 

ansvver: a 

2. VVhieh ietter represents the iiiae vein? 


ansvver: b 
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3. VVhieh letter represents the femoral vein? 

ansvver: e 

4. VVhieh ietter represents the popiiteai vein? 

ansvver: e 

5. VVhieh ietter represents the anterior tibiai vein? 

ansvver: f 

6. VVhieh ietter represents the posterior tibiai vein? 

ansvver: g 

7. VVhieh ietter represents the great saphenous vein? 

ansvver: d 

Work Problems 

1. The inferior and superior vena eava transports biood to the_. 

2. The right earotid artery branehes off the_. 

3. The right subciavian artery branehes off the braehioeephaiie artery but the ieft subciavian 

arteiy branehes off the_. 

4. Arteries transport biood_the heart vvhiie veins transport 

biood_the heart. 

5. Biood in the popiiteai vein wiii enter the_vein next. 

6. The radiai vein and the uinar vein join in the_region of the 

arm to form the braehiai vein. 

7. The anterior tibiai vein and the posterior tibiai vein wiii join in the_ 

region of the ieg to form the popiiteai vein. 

8. The great saphenous vein joins the_vein, which then forms 

the iiiae vein. 

9. VVhieh vein is the most iaterai; the eephaiie vein or the basiiie vein? 

10. The inferior vena eava must pass through the_(a major 

breathing muscie) before arriving at the right atrium. 
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Worked Solutions 

1. right atrium 

2. braehioeephaiie artery 

3. aortie areh 

4. away from; to 

5. femorai 

6. antecubitai 

7. popiiteai 

8. femorai 

9. eephaiie 

10. eiiaphragm muscie 

More Blood Vessel Information 

Here is some additional information about arteries and veins. 

□ Large blood vessels are made of three layers: 

Tunica externa is the outermost layer. It is analogous to the epicardium of the heart. 

Tunica interna is the innermost layer. It is analogous to the endocardium of the heart. 

Tunica media is the middle layer. It is made of smooth muscle eells. It is analogous to the 
myocardium of the heart. 

□ Arteries have a thieker tunica media than veins. 

□ eapillaries are vessels that make the transition from arteries to veins. 

□ eapillaries are made of one layer of eells. This thin layer allovvs for the exchange of oxygen 
and earbon dioxide. 

□ Veins having a large diameter have one-way valves to assist in getting blood baek to the 
heart. 

□ Oxygenated blood is a bright red eolor because oxygen is binding to the iron portion of 
hemoglobin. 

□ Deoxygenated blood is a dark red eolor because earbon dioxide is binding to the amino 
aeid portion of the hemoglobin molecule. 

□ When you look at the veins in your arm, the blood appears blue. You do not have blue 
blood. The blood you’re looking at is a real dark red eolor. It only appears blue due to the 
light waves passing through the layers of skin. 
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ehapter Problems and Solutions 

Problems 

1. VVhen the heart eontraets and forees blood to all parts of the body, it is ealied systole. 
VVhieh ehambers are invoived in systole or systolie eontraetion? 

2. The most inferior portion of the heart is eailed the_. 

3. The part of the ECG that represents atriai depoiarization is the_wave. 

4. The mitral vaive is aiso ealied the_valve. 

5. VVhen the biood arrives at the iungs, it pieks up oxygen. VVhat is the name for the thin, 
one eeil layer thiek vessels that aliow for gas exchange? 

6 . Blood in the veins is blue in eolor and blood in arteries is red in eolor (true or false). 

7. Blood from the eephalie vein will enter into the basilie vein by passing through which 
vessel? 

8 . The eoronary vessels emerge from the base of the_to go out to 

various heart regions. 

9. Many times, if a patient has a heart murmur, it is due to the failure of which valves to 
elose properly? 

10. Relaxation and repolarization of the atria ean be identified by which wave of the ECG? 

11. Blood in the iliae veins will enter into the_. 

12. VVhat two veins will form the superior vena eava? 

13. Blood in the cubital vein will enter the_. 

14. Blood in the femoral artery will fiow into the_artery. 

15. Blood in the axillary arteiy will fiow into the_artery. 

Ansvvers and Solutions 

1. ventrieles 

2. apex 

3. p 

4. bienspid 

5. eapiiiaries 

6. faise. All blood is red. Deoxygenated blood is a dark red and only appears blue. 
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7. median enbítal vein 

8. aseending aoita 

9. One of the atrioventrienlar valves or semilnnar valves fails to elose properly. 

10. QRS wave 

11. inferior vena eava (IVC) 

12. right and left braehioeephalie veins 

13. basilievein 

14. popliteal 

15. braehial 

Snpplemental Ghapter Problems 

Problems 

1. VVhen we listen to the heart with the use of a stethoseope, we typieaiiy hear two sounds. 
These sounds have been eaiied the iub-dub sounds. The iub (fìrst sound) is the eiosing of the 
bicuspid and tricuspid vaives. VVhieh vaives eiose thus ereating the dub (seeond sound)? 

2. The endocardium of the heart is anaiogous to the_of biood 

vesseis. 

3. Biood vesseis ean diiate and eonstriet aeeording to environmentai eonditions because the 
_iayer eonsists of invoiuntary eeiis (smooth muscie). 

4. Muscie eeiis of the heart ean be identified by the presenee of intereaiated dises. These 

eeiis are ioeated in the_iayer of the heart. 

5. Oxygenated biood ean be found on which side of the heart (right or ieft)? 

6 . Biood from the right side of the heart is on its way to the_. 

7. Diastoie is the term for heart reiaxation. VVhat is the term for heart eontraetion? 

8 . The two heart sounds ereated by the heart is due to the eiosing of_. 

9. if the Purkinje fibers faii to aetivate, the_(which ehambers) 

might not eontraet. 

10. Typieaiiy when a person takes a puise by piaeing their fingers on the anterior 
antebrachium, they are feeiing the puisating biood passing through which biood vessei? 

11. Biood in the thoraeie aorta wiii fiow into the_aorta. 

12. Biood in the ieft subciavian artery wiii fiow into the_arteiy. 
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13- Blood in the right subclavian artery eame from the_artery. 

14- Blood in the basilie vein will enter into the_. 

15- Blood in the radial vein will join with the_vein to form the braehial vein. 

Ansvvers 

1 - The elosing of the pulmonary and aortie semilunar valves. 

2. tunica interna 

3- tunica media 

4- myocardium 
5. left 

6 - lungs 

7- systole 

8 - valves; atrioventricular valves and semilunar valves 

9- ventrieles 

10- radial artery 
11 - abdominal 

12- left axillary 

13- braehioeephalie 

14- axillary vein 

15- ulnar 



The Lymphatíe System 


T he lymphatie system eonsists of vesseis just iike the circuiatoiy system does. These vesseis 
transport interstitiai fiuid to the veins of the circuiatoiy system. The iymphatie system is 
aiso invoived in the body’s defense meehanism. The lymphatie system eonsists of a fiuid 
eaiied lymph, vvhieh is very simiiar to the piasma of biood. 

Lymph and Lymph Vessels 

Lymph vessels eonsist of valves very similar to the valves found in larger veins. These valves are 
designed to ensure the flow of lymph from the extremities to the larger veins in the upper torso. 
Lymph from the legs and left side of the body enters into the thoraeie duct, which then drains 
into the left subclavian vein. Lymph from the right arm and right side of the head and upper, 
right torso drains into the right iymphatie duct, which then drains into the right subclavian vein. 


Lymph Organs 

The follovving bullet list shovvs you the organs and/or tissues of the lymphatie system and outlines 
the functions of those organs or tissues: 

□ Lymph nodes: Lymph fluid flovvs through the lymph nodes to be filtered. The lymphoeytes 
in the lymph nodes remove potentially harmftji baeteria. 

There are numerous lymph nodes seattered throughout the body. Many of the nodes are 
named aeeording to their loeation in the body. For example, there are abdominal lymph 
nodes, thoraeie lymph nodes, axillary lymph nodes, and eervieal lymph nodes. The lymph 
nodes basieally aet as filtering systems for the body. Interstitial fiuid enters the lymphatie 
vessels from various parts of the body and vvill eventually pass through the lymph nodes. 
Lymphoeytes in the lymph nodes vvill destroy pathogens such as baeteria. The lymph exit- 
ing the nodes is “eleaner” than vvhen it entered. If something should cause bloekage in the 
lymph vessels, tremendous svvelling could occur. A elassieal example is elephantiasis, a 
svvelling of the legs giving the appearanee of elephant legs. 

□ Thymus: Loeated posterior to the sternum. Some lymphoeytes (one of the five leukocytes) 
vvill mature in the thymus gland upon exposure to thymosin. They vvill then enter into the 
blood circulation and are ealled T eells. 

The aetion of the T eells is discussed in the follovving seetion. 

□ Spleen: Loeated on the lateral edge of the fundus of the stomaeh in the left hypoehondriae 
region. The spleen eonsists of numerous maerophages that vvill destroy pathogens as they 
circulate in the blood that is entering the spleen. 

The spleen has numerous ftjnetions. In addition to destroying pathogens in the blood, the 
spleen also disposes of dead, vvorn out, deeomposed erythroeytes. There is a lot of blood 
arriving at the spleen and, therefore, if the spleen ruptured, massive bleeding vvould occur. 


265 



266 


CliffsStudySolver Anatomy & Physiology 


□ Tonsils: There are three sets of tonsils. They are loeated in the pharynx region. One is ioeated 
in the nasopharynx region eaiied the pharyngeal tonsil (adenoid). There are two ioeated on 
either side of the uvuia (in the oropharynx region) eaiied the palatine tonsils. The third set 
of tonsiis is embedded in the posterior edge of the tongue in the oropharynx region and is 
eaiied the lingnal tonsil. If the phaiyngeal tonsil shouId svvell due to an infeetion, it wouId 
make breathing diffìcult. If the palatine tonsils shouId swell, it wouId make breathing and 
swaIIowing difficult. The lymphoeytes in the tonsils assist in proteeting the entranees to the 
respiratory and digestive systems. 

□ Appenclix: The appendix is eonneeted to the first part of the large intestine. It is thought 
that the appendix is an area for the growth of nonpathogenie baeteria. It appears that the 
nonpathogenie baeteria keep the pathogenie in eheek. The appendix also houses a large 
number of lymphoeytes. 

The appendix is an extension of the first part of the large intestine ealled the eeenm. Its 
loeation aIIows it to provide proteetion for the large intestine. 

□ Lymphoeytes: Lymphoeytes are produced in the bone and some will mature in the thymus 
gland. There are several types of lymphoeytes. The T eells and B eells are discussed in detail 
in the foIIowing seetion. The NK eells (natural killer) produce toxic material that direetly Idlls 
baeteria. 


Example Pmblems 

1. Most of the lymphatie fiuid will return to venous circuIation by entering into which 
lymphatie duct before entering the left subclavian vein? 

answer: thoraeie duct 

2. The lymphatie vessels resemble the (arteries or veins) due to the presenee of valves 
inside them. 

answer: veins 

3. The thoraeie duct drains lymph into the venous circuIation from which parts of the body? 
answer: left side of the head, left arm, left thoraeie region, and the entire Iower body 

4. The thymus gland produces_, which will mature some 

lymphoeytes. 

answer: thymosin 

5. Lymphoeytes are produced in the bone marrow. However, when some lymphoeytes pass 
through the thymus gland, they are “eonverted” to what kind of eells? 

answer: T eells 


The Lymphatie System and Defense 

In order to provide proteetion, the lymphatie system relies on a speeial group of white blood 
eells ealled lymphoeytes. Lymphoeytes respond to baeteria, viruses, and toxins in the form of 
protein moIecuIes produced by some pathogens. Lymphoeytes are formed in the bone marrow. 
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The lymphoeytes that travel to the thymus gland and are exposed to thymosin will beeome 
T eells and will have a speeifle ftjnetion. The lymphoeytes that are not exposed to thymosin will 
beeome B eells (T for thymus and B for bone). The B eells produce antibodies, and the T eells 
assist the B eells. 

Another group of lymphoeytes is known as NK eells. NK eells (natural killer) deteet foreign eells 
and will seerete proteins that will destroy the foreign eell’s membrane. Here is a list of the aetivity 
of the T and B eells in an effort to defend the body. The proeess from Step 1 to Step 6 typieally 
takes about 10 to 14 days to aeeomplish. 

1. Baeteria, for example, enter the human body. 

2. Maerophages attaek the baeteria and ultimately remove the antigens from the baeteria and 
plaee those antigens on the surface of themselves. 

3. The exposure of the antigens on the surface of the maerophages allows T eells to piek up 
the antigens and transport the antigens to the B eells. 

4. Onee the B eells reeeive the antigens, they will analyze the antigens and use the antigen’s 
molecular structure to manufacture speeifle antibodies. 

5. The antibodies then bind to the antigens that are still on the baeteria that have not been 
originally phagoeytized. 

6 . The binding of the antibodies to the antigens (thus ereating an antigen/antibody complex) 
will attraet numerous white blood eells. This attraetion will bring a lot of phagoeytie eells 
to the infectious site. Eventually, the white blood eells win the battle, and the baeteria die. 

VVhile the B eells are in the proeess of manufacturing antibodies, they also produce memory 
B eells. Gonsider the following aetivity of the memory B eells. The memory B eells are aetivated 
when the body is exposed a seeond time to the same organism (same antigen) as before. This is 
known as the seeond exposure. 

1. Upon exposure a seeond time (by the same organism and therefore the same antigen) the 
memory B eells “reeognize” that organism with that antigen. 

2. The memoiy B eells begin manufacturing and releasing antibodies that will bind to that 
antigen. The memory B eells do not need to have the antigen “delivered” to them by the 
T eells because they “remember” how to make that speeifle antibody. 

3. The antibodies will bind to the antigens. 

4. This antigen/antibody complex will attraet a host of white blood eells. These white blood 
eells will destroy the baeteria with that speeifle antigen/antibody complex. 

The proeess of events in the seeond exposure takes less time, such as just a few minutes or 
hours, as eompared to the flrst exposure. Because of this short duration of time, the person with 
the baeterial invasion doesn’t even know it. The body is said to be immune to that particular bae- 
terial organism. Basieally, the body is immune to any organism that has that particular antigen. 


Example Problems 


1. One ftjnetion of the T eells is to transport 
ansvver: antigens 


to the B eells. 
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2. Antibodies wiii kiii baeteria or other pathogens (true or faise). 

ansvver: faise. Antibodies wiii only bind to the antigens, which wiii attraet other white 
biood eeiis. It is the presenee of the other white blood eells that kill the pathogen. Don’t 
eonftjse antibodies with antibioties. 

3. What type of lymphoeyte prodnees antibodies?_ 

ansvver: B eells 

4. Which type of lymphoeyte is involved in seeondary exposure?_ 

ansvver: memoiy B eells 

5. Leukocytes are typieally attraeted to pathogens due to the development of the 
_compIex. 


ansvver: antigen/antibody 


Passive and Aetive lmmunity 

Aetive immunity is acquired by being exposed to a pathogenie organism. The lymphoeytes 
respond as deseribed in the preeeding seetion. Think in terms that a person has to aetively 
beeome exposed to a pathogen to develop this type of immunity. 

Another type of aetive immunity is in the form of a vaeeination. The patient is given the antigen 
and the patient’s body develops antibodies just as deseribed in the preeeding seetion. The anti- 
gen does not cause a disease. The organism causes the disease. Therefore, sometimes ]ust the 
antigen is given to the patient and other times the entire organism is given, with its antigen still 
intaet, but the disease causing organism is typieally weakened or killed. 

Passive immunity ean also be in the form of a shot given to the patient but in this ease, the patient 
is actually given the antibodies direetly. In this situation, the patient does not have to manufacture 
the antibodies. In this ease, however, the immunity is generally short-lived: The antibodies are 
disposed of by the body, because the body doesn’t make them. Figure 16-1 summarizes the infor- 
mation regarding passive and aetive immunity. 
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Figure 16-1:Types of immonity. 
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Example Problems 

Identify the type of immunity for the follovving questions. Use the follovving terms: aetive natural, 
aetive artifìeial, passive natural, or passive artifieial. 

1. VVhen a person is exposed to the ehieken pox virus and beeomes immune to it, they have 
developed vvhat type of immunity? 

ansvver: aetive natural 

2. VVhen a patient has been given a shot that causes their B eells to manufacture antibodies, 
they have developed vvhat type of immunity? 

answer: aetive artifieial 

3. VVhen a patient has been given a shot and the material in the shot binds to the antigens 
on the pathogens, they have developed vvhat type of immunity? 

answer: passive artifieial 

4. VVhen a ehild is born vvith immunity to a speeifie disease, they probably developed vvhat 
type of immunity? 

answer: passive natural 

5. A typieal fiu vaeeine is eonsidered to be_. 

answer: aetive artifieial 


Work Problems 

1. Lymphoeytes are produced in the_and some of them vvill 

mature in the_to beeome T eells. 

2. VVhat is the name of the hormone that is involved in maturing lymphoeytes into T eells? 

3. VVhere is the spleen loeated? 

4. VVhat type of lymphoeyte is involved in producing antibodies? 

5. VVhieh type of lymphoeyte produces ehemieals, vvhieh vvill direetly destroy pathogens? 

6 . VVhieh of the follovving vvill set up a seenario for the attraetion of other vvhite blood eells to 
fight pathogens? (antibioties or antigen/antibody compIexes) 

7. T eells vvill present the_to the B eells so the B eells ean begin 

manufacturing antibodies. 

8 . VVhen people say they are having their adenoids removed, they are actually having the 
_tonsils removed. 

9. The thoraeie duct drains lymph into vvhieh blood vessel? 

10. VVhere is the thymus gland loeated? 
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Worked Solutions 

1. bone marrow; thymns gland 

2. thymosin 

3. It is loeated on the left lateral edge of the fundus of the stomaeh. 

4. B eells 

5. NK eells (natural killer eells) 

6. antigen/antibody complexes 

7. antigens 

8. pharyngeal 

9. left snbelavian vein 

10. It is loeated posterior to the sternnm, snperior to the heart. 

ehapter Problems and Solutions 

Problems 

1. The fluid that is transported in the lymphatie vessels, vvhieh is similar to plasma in the 

blood, is eailed_. 

2. The valves in the iymphatie vesseis are shaped in such a manner to ensure that the iymph 
will flow toward which veins of the body? 

3. The_duct eolleets lymph fluid from the regions inferior to the 

diaphragm muscle. 

4. How are T eells produced by the thymus gland? 

5. The axillaiy lymph nodes are loeated in the_region of 

the body. 

6 . Lymph fluid flows through the spleen so the spleen eells ean destroy pathogens (true or 
false). 

7. A person is typieally immune to ehieken pox because upon the flrst exposure, he or she 
produced what kind of lymphoeytes? 

8 . T eells present the antigens of pathogens to the B eells so the B eells ean manufacture 
antibodies. VVhere do the T eells get those antigens? 
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9. The appendix has long been thonght to be a vestigial organ with no known ftjnetion. 

However, it does appear to proteet the entranee to the_to 

harmftji pathogens. 

10. The tonsiis provide proteetion against pathogens entering the_ 

and_eavities. 

Ansvvers and Solutions 

1. lymph 

2. left and rlght snbelavlan velns 

3. thoraele 

4. The thymns gland prodnees thymosln. Thymosin eonverts iymphoeytes to T eeiis. 

5. axlllary 

6. false. As the biood eireniates throngh the spieen, the eeiis in the spieen wiii remove and 
destroy pathogens. Lymph flows into iymph nodes. 

7. memory B eells 

8. The T eells get the antlgens from the maerophages that orlglnally trled to destroy the 
pathogens. 

9. large Intestlne (speeifieaiiy the cecum of the iarge intestine) 

10. nasal eavhy and oral eavlty 

Supplemental Ghapter Problems 

Problems 

1. Viruses cause the eommon eoid. However, a person ean have a eoid many times over. 
VVhy are peopie never immune to the eommon eoid? 

2. A patient with breast eaneer ean have the cancerous breast removed. During the removai 
of the breast, the surgeon wiii aiso remove some axiiiary iymph nodes. VVhy is this a 
eommon praetiee? 

3. If the thymus gland were to beeome diminished in its ftjnetion, which type of lymphoeyte 
would be reduced in numbers? 

4. The virus responsible for AIDS seems to “piek on” the T eells. Based on this, why ean’t our 
body develop antibodies to begin the proeess of getting rid of AIDS? 

5. There are many times when a ehild is riding a bieyele and has an aeeident. The ehild is 
then tossed over the handle bars of the bike in such a manner that the spleen is ruptured. 
VVhy is it so easy to rupture the spleen? 
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6 . In the body, there are several types of dassifìeation for fluid. The intereellnlar fluid is found 
vvithin the eells. The interstitial fluid is found betvveen the different tissues of the body. 
VVhieh of those vvouId beeome lymph vvhen it enters the lymphatie system? 

7. In order to develop immunity to a pathogen, one must be exposed, either aetively or 

passively, to the pathogen’s_. 

8 . Gonstant exposure to pathogens trying to enter the body via the nasal eavity or the oral 

eavity ean cause the_to svvell. This is because the 

lymphatie tissue inflames due to eonstant bombardment of pathogens. 

9. Thymosin has an affeet on vvhieh of the five Ieukocytes? 

10 . The appendix is attaehed to and is a part of vvhieh portion of the large intestine? 

Ansvvers 

1. There are numerous viruses that cause the eommon eold. Hovvever, eaeh one has a 
different antigen. Eaeh time a person is exposed to a nevv antigen, it takes their body time 
to develop the B eells and the memory B eells. 

2. The lymph in the breast region is drained into the axillary lymph nodes and may eontain 
cancerous eells. 

3. T eells 

4. In order to manufacture antibodies, the B eells have to reeeive the antigens from the virus. 
It is the job of the T eells to transport the antigens to the B eells. If the T eells are 
inaetivated, the B eells vvill not reeeive the antigens and eannot manufacture antibodies. 

5. It is easy to rupture the spleen because the spleen is loeated so elose to the abdominal 
vvall on the left side. 

6 . The interstitial fluid enters into the lymphatie system and is then ealled lymph. 

7. antigens 

8 . tonsils 

9. lymphoeytes. Upon exposure to thymosin, the lymphoeytes vvill beeome T eells. 

10 . cecum. The cecum is the first portion of the large intestine. 



R espiration is defined as the exchange of gases betvveen eells and the environment. The 
gases involved in the human body are oxygen (O 2 ) and earbon dioxide (GOz). As the eells 
of body earry out their daily aetivity to keep us aiive, they use oxygen (burn up oxygen) 
and generate earbon dioxide. In order to obtain oxygen, we must inhale, and in order to get rid 
of earbon dioxide, we exhale. The circulatory system plays a vital role with the respiratoiy sys- 
tem. VVhen you inhale, oxygen goes to the lungs and enters into little saes ealled alveoli. From 
the alveoli, the oxygen difftjses into the bloodstream. The bloodstream transports oxygen to all 
tissues of the body. The earbon dioxide that is generated during cellular aetivity difftjses into the 
bloodstream. The blood transports the earbon dioxide to the alveolar saes of the lungs. You then 
exhale and the earbon dioxide exits the body. 


The best way to study the organs of the respiratory system is to take a molecule of air and follow 
it as it passes through the system on its way to the eells of the body. 


The Respiratory Organs 

1. Let’s begin with a molecule of air entering into the nasal eavlty. 

2. The air moves to the baek of the nose to the area ealled the nasopharynx. 

3. Air then moves to the area at the baek of the mouth ealled the oropharynx. 

4. From the oropharynx, the air enters into the throat region ealled the laryngopharynx. 

5. Onee in the laiyngopharynx, the air encounters two tubes. The anterior tube is the traehea 
and the posterior tube is the esophagus. Air enters into the traehea. 

6. Onee it passes through the traehea, the air branehes into two tubes to enter into eaeh lung. 
Those two tubes are ealled the rlght and left prlmary bronehl. 

7. Eaeh primary bronchus branehes inside the lungs to form seeondary bronehl. 

8 The seeondary bronehi will thus braneh to form tertlary bronehl and so on. 

9. Eventually, the air enters into the final tubes of the respiratory tree ealled the bronehloles. 

10. At the terminal ends of the bronehioles are little saes ealled alveoll. 

11. Eaeh alveolus is surrounded by eapillaries. Oxygen difftjses through the thin layered wall of 
the alveolar saes and into the bloodstream. 

12. Oxygen binds to the hemoglobin of the red blood eells. The red blood eells transport the 
oxygen to the eells of the body. 

13. At the eells, the hemoglobin of the red blood eells will drop off oxygen and piek up the 
waste product, earbon dioxide. 

14. The earbon dioxide is transported to the alveolar saes within the lungs. 

15. The earbon dioxide travels in reverse order to exit the body. 
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The follovving bullet list gives you some additional information about the respiratory system. 

□ Nasal eavlty: As air enters the nasal eavity, it encounters nasal eonehae. The air svvirls 
around the nasal eonehae. As the air svvirls, it beeomes vvarmer. 

□ Nasopharynx: In the nasopharynx region there is a set of tonsils ealled the phaiyngeal 
tonslls. These are eommonly ealled the adenoids. 

□ Oropharynx: In the oropharynx region there is a set of tonsils ealled the palatlne tonslls. 

□ Laryngopharynx: In the laryngopharynx region is one tonsil ealled the llngnal tonsll. This 
tonsil is embedded into the posterior portion of the tongue. 

□ Traehea: The opening to the traehea is the glottls. There is a pieee of eartilage that proteets 
the opening of the glottis ealled the eplglottls. The epiglottis is open vvhen air enters and 
exits the traehea. The epiglottis eloses vvhen food enters the mouth. VVith the epiglottis 
elosed, the food is basieally foreed dovvn the esophagus. The traehea eonsists of eartilage 
rings. The eartilage rings prevent the traehea from eollapsing. 

□ Bronehl: The primary bronehi enter into eaeh lung. They braneh off the traehea at the point 
ealled the earlna. Because the various bronehi tubes are rather large in diameter, they need 
eartilage rings or plates of eartilage to prevent eollapse. 

□ Bronehloles: The bronehioles are quite small in diameter and, therefore, vvill not eollapse. 
Therefore, they do not have any eartilage. The bronehioles terminate vvith little saes ealled 

alveoll. 

□ Alveoll: These small saes are made of one thin layer of squamous eells. This makes it easy 
for oxygen and earbon dioxide to pass through to enter the eapillaries that surround them. 
There are about 150 million alveoli per lung. 

□ Rlght lung: The right lung eonsists of 3 lobes. The right primary bronchus enters the lung at 
a straighter angle than the left primary bronchus. 

□ Left lung: The left lung eonsists of only 2 lobes. The left primary bronchus enters the lung 
at a sharper angle than the right primary bronchus. The left lung eonsists of the eardlae 
noteh vvhieh supports the apex of the heart. 

□ Dlaphragm muscle: This is the major breathing muscle. It separates the thoraeie eavity 
from the abdominal eavity. The base of the lungs is nearest the diaphragm (inferior portion 
of the lungs), and the apex of the lungs is the superior portion of the lungs. 


Example Problems 

1. Oxygen diffnses from the alveolar saes to the eapillaries or from the eapillaries to the 
alveolar saes. 

answer: Oxygen diffnses from the alveolar saes to the eapillaries. Garbon dioxide difftjses 
from the eapillaries to the alveolar saes. 

2. The alveolar saes are loeated at the ends of vvhieh respiratory tubes? 
answer: bronehioles 

3. VVhieh respiratoiy tubes do not have any eartilage supporting them? 


answer: bronehioles 
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4. VVhat is the name of the structure that prevents food from entering the traehea during 
svvaiiovving? 

answer: epigiottis 

5. The posterior portion of the nasai eavity, vvhieh eonsists of the pharyngeai tonsiis, is eaiied the 
answer: nasopharynx 

The Proeess of Inhaling and Exhaling 

We are aiready famiiiar vvith the eoneept that vvater moves from an area of high eoneentration to 
an area of iovv eoneentration. Air is very simiiar in that it moves from an area of high pressure to 
an area of iovv pressure. Therefore, in order to get air to enter the iungs, the air pressure in the 
thoraeie eavity has to beeome iess than that of the air pressure outside the thoraeie eavity. One 
vvay to ehange the air pressure in the thoraeie eavity is to ehange the size of the thoraeie eavity. 

If a person inereased the size of their thoraeie eavity, thoraeie pressure vvouId go dovvn. If they 
deereased the size of their thoraeie eavity, thoraeie pressure vvouId go up. The main muscle that 
is involved in ehanging the size of the thoraeie eavity is the diaphragm muscle that separates the 
thoraeie eavity from the abdominal eavity. 

In order to inhale, the diaphragm muscle goes dovvn. This inereases the size of the thoraeie eav- 
ity. This in turn deereases the thoraeie pressure eompared to the outside environment. Air goes 
into the Iungs. In order to exhale, the diaphragm muscle goes up. This deereases the size of the 
thoraeie eavity, vvhieh in turn inereases the thoraeie pressure eompared to the outside environ- 
ment. Air exits the body. 

The rib muscles are also involved in inhalation and exhaIation. During the inhalation proeess, 
the ribs move upvvard. This also helps to deerease the internal pressure. During the exhaIation 
proeess, the ribs move dovvnvvard. As they move dovvnvvard they are making the thoraeie eavity 
smaller. This vvill inerease the thoraeie pressure and ultimately foree air out of the body. 

Passive inhalation and exhaIation requires a differenee of only 2 mm Hg. If atmospherie pressure 
is 760 mm Hg, the internal thoraeie pressure has to drop to 758 mm Hg in order to inhale. In 
order to exhale, the internal thoraeie pressure must inerease to 762 mm Hg. 


Example Problems 

1. What is the name of the major breathing muscle that separates the thoraeie eavity from 
the abdominal eavity? 

answer: diaphragm 

2. In order to inhale, the diaphragm muscle moves in vvhieh direetion? 
answer: dovvn 

3. In order to inhale, the size of the thoraeie eavity must_and the 

pressure vvithin the thoraeie eavity must_. 


answer: inerease; deerease 
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4. When the diaphragm muscle moves up, it will_the size of 

the thoraeie eavity thereby_the pressure within the 

thoraeie eavity and air will exit the body. 

ansvver: deerease; inerease 

5. What would the internal thoraeie pressure have to be in order for inhalation to take plaee 
passively if the outside air pressure was 500 mm Hg? 

answer: 498 mm Hg (just 2 mm differenee for passive inhalation) 

Work Problems 

1. The palatine tonsils are loeated in the_region. 

2. The glottis is the opening to the_. 

3. The traehea is loeated (direetional term)_to the esophagus. 

4. What kind of eells make up the epiglottis? 

5. Identify the respiratory tubes that enter into eaeh lung. 

6 . What kind of eells make up the alveoli? 

7. The sites where gas exchange occurs within the lungs are the_ 

8 . The air pressure within our thoraeie eavity will_when the 

thoraeie eavity enlarges. 

9. The air pressure within our thoraeie eavity will_when the 

diaphragm muscle moves downward. 

10. When the diaphragm muscle moves downward, it is (eontraeting or relaxing). 

Worked Solations 

1. oropharynx 

2. traehea 

3. anterior 

4. eartilage 

5. primary bronehi 

6. squamous 

7. alveoli 
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8. 

deerease 

9. 

deerease 

10. 

eontraeting 


The ehloride Shift 

During metabolism, the eelis of the body produce a signifieant amount of earbon dioxide (GOz). 
Garbon dioxide leaves the eelis and enters into the bioodstream. As it enters the bioodstream, 
it enters the individuai erythroeytes. The eiythroeytes wiil transport the earbon dioxide to the 
alveolar saes of the lungs to eventually be exhaled. But during the transportation of the earbon 
dioxide to the lungs, there are a lot of things happening to the earbon dioxide while it is in the 
eiythroeyte. Table 17-1 discusses what is happening to the earbon dioxide in the blood. 

The red blood eell eonsists of water and the plasma around the eells also eonsists of water. As 
earbon dioxide is produced, it binds with water. Garbon dioxide plus water will yield earbonie 
aeid. Garbonie aeid ionizes to form hydrogen ions and biearbonate ions. The hydrogen ions 
have an aeidie eharaeteristie. Therefore, the production of hydrogen ions ereates a deerease in 
the blood pH. 


Table 17-1 The Fate of Garbon Dioxide in the Bloodstream 


Carbon dioxide enters the erythroeyte and wiii andergo three major aetivities: 


Carbon dioxide binds 
to hemoglobin. 

Garbon dioxide mixes with 

water in the eell. 

Garbon dioxide mixes with 
water in the plasma. 

23% of the earbon dioxide 
will bind to hemoglobin. 

70% of the earbon dioxide will 
bind to water in the erythroeyte. 

7% of the earbon dioxide will stay 
in the plasma and bind to water. 

This earbon dioxide will 
ultimately be exhaled. 

This eombination will form 
earbonie aeid (H^eOs). 

This eombination will form 
earbonie aeid (H^GOs). 


Garbonie aeid will ionize to 
form hydrogen ions (H^T and 
biearbonate ions (HeOg’"). 

Garbonie aeid will ionize to form 
hydrogen ions (H’T and 
biearbonate ions (HGOs^"). 


Hydrogen ions exhibit an 
aeidie eharaeteristie. 

Most of the hydrogen ions in the 
plasma will be used by the stom- 
aeh (to make stomaeh aeid) or be 
excreted via the urinary system. 


Therefore, the pH of blood will 
begin to drop below the standard 
7.35-7.45. 



To prevent developing an aeid 
problem, a lot of the hydrogen 
ions will bind to hemoglobin. 



VVhenever hydrogen ions bind 
to something, they no longer 
behave as an aeid. 



(eontinaed) 
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Table 17-1 The Fate of Carbon Dioxide in the Bloodstream (continued) 


Anything that binds to hydrogen 
ions is a buffer. 



Buffers help to stabilize the pH. 



Table 17-1 discusses the normal seenario of hydrogen ions binding to a buffer and therefore the 
pH is stabiiized. Having the right amount of buffers wiii uitimateiy ereate the right pH vaiue. If 
there are too many buffers, the pH wouId not be eorreet just as if there were not enough buffers, 
the pH wouId not be eorreet. If the pH is not what it is supposed to be, enzymes will be affeeted 
and, therefore, reduces ehemieal reaetions, which are neeessary to maintain homeostasis. Table 
17-2 discusses what will happen if the amount of buffers is not eorreet in the erythroeyte. 


Table 17-2 E 

iuffer Aetion 


Normal Amount 

ofBaffers 

Excessive Amoant 

ofBuffers 

Laek ofBaffers 

Pretend you generated 

100 H'"and 100 HC 03 '' 

Let's have 85 biearbonate ions 

exit the eell (15 still inside the eell). 

Pretend you generated 

100 H'"and 100 HeOs'". 

Let's have 81 biearbonate ions 

exit the eell (19 still inside the eell). 

Pretend you generated 

100 H’"and 100 HeOs’'. 

Let's have 90 biearbonate ions 

exit the eell (10 still inside the eell). 

Let's have 

80 bind to 

hemoglobin. 

15 H^" will bind 

to the 15 

biearbonate ions. 

Let's have 

80 H^^bind to 
hemoglobin. 

19 H'" will bind 

to the 19 

biearbonate ions. 

Let's have 

80 H^^ bind to 
hemoglobin. 

10 H^^ will bind 

to the 10 

biearbonate ions. 

This leaves 5 H^" not bound 
to a buffer. 

This leaves 1 H^^ not bound 
to a buffer. 

This leaves 10 H^" not bound 
to a buffer. 

Pretend 5 H^" will produce 
a blood pH of 7.35-7.45. 

Pretend 1 H^" will produce a 
blood pH of 8.0. 

Pretend 10 H^" will produce a 
blood pH of 7.0. 

This is perfeet homeostasis (the 
right amount of hydrogen ions). 

The blood is too alkaline (fewer 
hydrogen ions). 

The blood is too aeidie (too many 
hydrogen ions). 


In the seenario in Table 17-2, 15 hydrogen ions will bind to 15 biearbonate ions. The other 
85 biearbonate ions will exit the red blood eell. In this seenario, we are going to pretend that it 
is essential for 85 biearbonate ions to exit the eell. In Table 17-2, you ean see that any alteration 
of the amount of biearbonate ions in the blood will make the blood either too alkaline or too 
aeidie. 

In order to get the eorreet amount of biearbonate ions to exit the eell, ehloride ions (from the 
plasma) will enter the eell. In order to get 85 biearbonate ions to exit the eell, 85 ehloride ions 
must enter. This is known as the ehloride shift. If there are too many ehloride ions entering the 
eell, too many biearbonate ions will exit the eell. This will leave too few biearbonate ions in the 
red blood eell. A laek of biearbonate ions will result in too many hydrogen ions left over. The pH 
will be too aeidie. If there aren’t enough ehloride ions entering the eell, not enough biearbonate 
ions will exit the eell. This will result in too many biearbonate ions inside the eell. Too many biear- 
bonate ions will result in a laek of hydrogen ions left over. A laek of hydrogen ions will cause the 
pH to beeome too basie (alkaline). The foIIowing bullet list summarizes the ehloride shift eoneepts. 
Keep in mind that biearbonate ions are buffers. 
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□ An inerease in biearbonate ions resnlts in a deerease in hydrogen ions, vvhieh raises the pH. 

□ An inerease in buffers results in a deerease in hydrogen ions, vvhieh raises the pH. 

□ A deerease in biearbonate ions results in an inerease in hydrogen ions, vvhieh lovvers the pH. 

□ A deerease in buffers results in an inerease in hydrogen ions, vvhieh lovvers the pH. 


Example Problems 

1. The eoneept of the ehloride shift is a situation vvhere the_ions 

are entering into a eell and the_ions are exiting the eell. 

answer: ehloride; biearbonate 

2. If the pH is dropping thus causing the blood to beeome too aeidie, it is due to excess 
_ions. 

answer: hydrogen 

3- If there are excessive biearbonate ions in the red blood eell, there vvill be (excess or not 
enough) hydrogen ions in the red blood eell. 

answer: not enough (the biearbonate ions vvill buffer too many hydrogen ions) 

4. If there are excessive buffers in the red blood eell, there vvill be (excess or not enough) 
hydrogen ions in the red blood eell. 

answer: not enough (the biearbonate ions vvill buffer too many hydrogen ions) 

5. If there are too many buffers in the red blood eell, the pH of the red blood eell vvill 
(beeome too aeidie or beeome too alkaline)? 

answer: too alkaline (if there are too many buffers, they vvill buffer too many hydrogen 
ions and the pH vvill go up) 


Work Problems 

1 . If there is a defieieney in ehloride ions, that means there vvill be fevver ehloride ions 
entering the eell. Therefore, there vvill be fevver biearbonate ions exiting the eell. 
Therefore, there vvill be (excess or not enough) buffers left inside the red blood eell. 

2. Excessive earbon dioxide vvill ultimately produce excessive_ions and 

therefore cause the pH to drop. 

3- The palatine tonsils are loeated in the_region. 

4- What ion exits the red blood eell during the ehloride shift?_ 

5. What is the name of the substance (generie name) that helps to stabilize pH? 
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6 . Cellular aetivity (metaboiism) produces vvhieh respiratory gas? 

7. An inerease in buffers wiii cause the biood pH to (raise or drop)_ 

8 . Garbon dioxide pius water wiii produce_. 

9. An inerease in earbon dioxide wiii uitimateiy produce an excessive amount of earbonie 

aeid, which wiii therefore produce an excess amount of_ 

ions and_ions. 

10. In order for enzymes to ftjnetion properly (for ehemieal reaetions) the_of 

the blood must be within 7.35-7.45. 


Worked Solutions 


1. excess 

2. hydrogen. Garbon dioxide binds to water to form earbonie aeid. Garbonie aeid ionizes to 
form hydrogen ions. Excess hydrogen ions will result in a drop in the pH. 

3. orophaiynx 

4. biearbonate ion 

5. bnffers 

6. earbon dioxide 

7. raise. An inerease in buffers will result in buffering too many hydrogen ions. This in effeet 
reduces the number of hydrogen ions and therefore the pH goes up (beeomes more 
alkaline). 

8. earbonie aeid 

9. hydrogen; biearbonate 
10. pH 

The eontrol Meehanisms of Breathing 

The breathing rate ean be altered under a variety of eonditions. VVhen a person is exercising, 
his or her eells need an extra supply of oxygen and nutrients. Therefore, the breathing rate will 
inerease to bring in more oxygen and the heart rate will inerease to get the oxygen and nutri- 
ents to the eells at a faster rate. AIso, because the eells are working harder and faster, they are 
generating earbon dioxide at a faster rate. Therefore, the breathing rate must inerease in order 
to get rid of the earbon dioxide. The body has several meehanisms that are at work to eontrol 
the variations in the breathing rate. Table 17-3 deseribes the various meehanisms. 
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Table 17-3 Breathing Gontrol Meehanisms 

Reeeptors 

Aetion 

Streteh reeeptors 

As the lungs streteh with eaeh breath, streteh reeeptor eells are stimulated. They 
send signals, via the vagus nerve, to the medulla oblongata. This triggers the 
body to begin exhalation. 

Pressure reeeptors 

Loeated in the walls of the aseending aorta and in the internal earotid arteries 
are pressure reeeptors. When blood pressure rises or falls, these reeeptors are 
aetivated and will send signals to the medulla oblongata via the vagus and glos- 
sopharyngeal nerves. The medulla oblongata will then adjnst the heart rate and 
breathing rate to try to stabilize blood pressure. When blood pressure falls, heart 
rate inereases. When blood pressure rises, heart rate deereases. 

ehemieal reeeptors 

Ghemoreeeptors are near the pressure reeeptors. These reeeptors are sensitive 
to the levels of earbon dioxide and oxygen in the blood. These reeeptors respond 
more to earbon dioxide than they do oxygen. Therefore, when the earbon diox- 
ide levels vary, the ehemoreeeptors are aetivated. When the earbon dioxide levels 
rise, the ehemoreeeptors are aetivated and ultimately causes the patient to 
breathe faster in an effort to get rid of earbon dioxide. When the earbon dioxide 
levels fall, the ehemoreeeptors are aetivated and ultimately causes the patient to 
breathe slower in an effort to retain earbon dioxide. 


Abnormal Breathing 

When a patient’s breathing rate slovvs down, the patient is therefore exhaling less. If they are 
exhaling less, that means they are exhaling less earbon dioxide. Therefore, they are really retain- 
ing more earbon dioxide than normal. If they are retaining more earbon dioxide, that means 
there is more earbon dioxide to bind to water. Whenever earbon dioxide binds to water, it will 
indeed produce hydrogen ions. Therefore, it would be safe to say that if there is a high eoneen- 
tration of earbon dioxide, there will be a high eoneentration of hydrogen ions. Any time the 
eoneentration of hydrogen ions goes up, the pH of the solution will go down (beeomes more 
aeidie). 

When a patient’s breathing rate speeds up, the patient is therefore exhaling more. If they are 
exhaling more, that means they are exhaling more earbon dioxide. Therefore, they are really 
losing more earbon dioxide than normal. If they are losing more earbon dioxide, that means 
there is less earbon dioxide to bind to water. If there is less earbon dioxide to bind to water, 
there will be fewer hydrogen ions formed. Therefore, it would be safe to say that if there is a low 
eoneentration of earbon dioxide, there will be a low eoneentration of hydrogen ions. Any time 
the eoneentration of hydrogen ions goes down, the pH of the solution will go up (beeomes 
more alkaline). The following bullet list summarizes this information. 

□ A deerease in respiration will result in an inerease in earbon dioxide, which will inerease 
the hydrogen ion level thereby lowering the pH. 

□ An inerease in respiration will result in a deerease in earbon dioxide, which will deerease 
the hydrogen ion level thereby raising the pH. 
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VVhen people hyperventilate, something has caused them to begin breathing rapidiy. They are 
exhaiing too much earbon dioxide. This wiii uitimately cause the blood pH to beeome too alka- 
line. To eorreet this situation, we typieally plaee a paper bag over a person’s mouth and nose. 
As the hyperventilating person exhales rapidly into the paper bag, he or she is exhaling earbon 
dioxide, and then re-inhaling this earbon dioxide. This will eventually cause the earbon dioxide 
level in the body to rise. As the earbon dioxide level rises, the hydrogen ion level will also rise 
and thus bring the pH baek down to a normal level. Hyperventilation will then eease. 


Example Pmblems 

1. The streteh reeeptors are loeated on the_. 

answer: lungs 

2. When the streteh reeeptors are stimulated, they will send a signal to the medulla 

oblongata via the_nerve. 

answer: vagus 

3. We inhale and exhale about 13 to 15 times per minute. If we were to deerease the 
respiration to about 9 times per minute, the blood pH will (go up or go down). 

answer: go down (beeomes more aeidie) 

4. If our respiratory rate should inerease, the blood pH will (go up or go down). 
answer: go up (beeomes more alkaline) 

5. In order to stop hyperventilation, the pH must (go up or go down) to return everything 
to normal. 

answer: go down. When a person is hyperventilating, their blood pH is going up. 
Therefore, in order to return to normal, the pH needs to eome baek down. 

Proteeting the Respiratory System 

The respiratory system, just as all other systems, has to ftjnetion properly in order for the body 
to maintain homeostasis and to survive in general. Therefore, it is imperative to provide as 
much proteetion as possible to the various parts of the respiratoiy system. The following bullet 
list discusses the various methods of proteeting the respiratory system. 

□ Rib eage and sternnm: These bony structures provide physieal proteetion for the lungs. 

□ Goblet eells and eiliated eells: The traehea and other respiratory tubes are lined with 
eiliated eolnmnar eells and goblet eells. The goblet eells produce mucus. This mucus is 
stieky. Anytime we inhale a foreign partiele, this substance gets stuck in the stieky mucus. 
This prevents the matter from entering into the lungs. 
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The eilia on the eoiomnar eeiis wave baek and forth in such a manner to propei the mucus 
upward toward the baek of the throat. Onee the mucus and the foreign substance arrive at 
the baek of the throat, the body is triggered to cough. We then expei the foreign matter thus 
proteeting the iungs. 

□ Lung membranes: Eaeh iung has one membrane surrounding it, which doubies baek to 
form a seeond iayer thereby giving the impression that there are two membranes around 
eaeh iung. 

The iayer that is adjaeent to the iung tissue is eaiied the viseeral pleura. 

The iayer that is nearest the body eavity is eaiied the parietal pleura. 

□ Pleural fluici: Because the membrane that surrounds the iung doubies baek to form the 
parietai pieura, it actuaiiy ereates a spaee between the viseerai portion and the parietai 
portion. There is fluid within this spaee eaiied pleural fluicl. This fluid helps to reduce frietion 
as the lungs move with inhalation and exhalation. 

□ Alveolar maerophages: These maerophages wander around to devour any potential 
pathogens that might be present in the alveolar area. 


ehapter Problems and Solutions 

Problems 

1. The two respiratory gases are_and_. 

2. What is the name of the eells responsible for moving foreign material away from the lungs 
in order to proteet them? 

3. What keeps food from entering the traehea when we swallow? 

4. When we say that gas exchange occurs in the lungs, it actually occurs in the_. 

5. What eells produce mucus in the lining of the traehea for the purpose of trapping foreign 
material? 

6 . In order to inerease the size of the thoraeie eavity, the ribs must (go up or go down) and 
the diaphragm muscle must (go up or go down). 

7. In order to inhale, the thoraeie pressure must be (more or less) than the atmospherie 
pressure. 

8 . What pereentage of the earbon dioxide we generate is actually exhaled? 

9. What pereentage of the earbon dioxide we generate has the potential to produce 
hydrogen ions in the red blood eell? 

10. An inerease in earbon dioxide production has the potential to cause the pH to (rise or fall). 
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Ansvvers and Solutions 

1. oxygen; earbon clioxicle 

2. eiiiateei eoinmnar 

3. epigiottis 

4. aiveoii 

5. gobiet eeiis 

6. The ribs go up anei the eiiaphragm muscie goes ciown. 

7. iess 

8. 23% 

9. 70% 

10. faii. The pH will beeome more aeidie. 

Supplemental Ghapter Problems 

Problems 

1 . The blood vessels going to the alveoli are (pulmonary vennles or pulmonary arterioles). 

2. Emphysema is the destruction of the_, which makes it 

very difficult for gas exchange to occur. 

3. Arthritis in the elderly could make inhaling difficult if they have arthritis of the ribs because 

this could reduce their ability to_the size of their thoraeie 

eavity. 

4. VVhen the lungs expand during inhalation, they stimulate the_ 

reeeptors, which will send a signal to the medulla oblongata. 

5. If a person holds their breath, their level of earbon dioxide will_. 

6 . If a person holds their breath, the pH of their blood will (go up or go down). 

7. An inerease in earbon dioxide in the blood will_the 

eoneentration of the hydrogen ions and will ultimately cause the blood to beeome too 


8 . When a person hyperventilates, what is happening to their blood pH? 
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9. The eapillaries going away from the aiveoii are (oxygenated or deoxygenated). 

10. Pienrisy is a eondition where the fluid between the_ 

membrane and the_of the iungs is infeeted with either 

baeteria or viruses. 

Ansvvers 

1. puimonary arterioies (remember; arterioies [smaii arteries] earry biood away from the 
heart and to the iungs [aiveoii]) 

2 . alveoli 

3. inerease 

4. streteh 

5. inerease 

6 . go down (beeome more aeidie) 

7. inerease; aeidie 

8 . Their biood pH is going up (beeoming too aikaiine). 

9. oxygenated 

10. viseeral; parietai 




The Digestíve System 


T he main function of the digestive system is to take rather large molecules and break them 
down to form smaller molecules. These small molecules ean then enter into the eell where 
cellular metabolism will take plaee. In order to break the molecules into smaller molecules, 
numerous enzymes are required. There are two groups of organs involved in the digestive 
proeesses. The major organs of digestion include the mouth, the stomaeh, and the small intestines. 
The aeeessoiy group of organs include the panereas, the liver, and the gallbladder. 

The Mouth 

The proeess of digestion begins in the mouth. Here are the major features of the mouth: 

□ Teeth: 

The teeth are designed to tear and grind the food 

The teeth are identifìed as; ineisors, cuspids, bicuspids, and moiars. 

□ Tongue: The tongue serves severai functions: 

It provides the taste buds as discussed in Ghapter 12. 

It serves to push the food to the baek of the oral eavity to prepare for svvallovving. 

It moves in such a manner to allovv proper speeeh. 

□ Uvula: The uvula is the structure that “hangs” dovvn at the baek of the throat. 

□ Salivary glands and salivaiy amylase: There are three sets of salivaiy glands. AII three 
produce the enzyme salivary amylase. 

□ Digestìve enryme: Salivary amylase is the digestive enzyme of the mouth and it partially 
digests earbohydrates. 

The food vve eat eonsist primarily of earbohydrates, proteins, and fat. These are all rather large 
moIecuIes and need to be broken dovvn (digested) in order for the eells to utilize. 


Teeth 

As food enters the oral eavity, the teeth begin to grind and tear the food. The teeth are identifìed 
in Figure 18-1. Adults typieally have 28 to 32 teeth. Eaeh javv eonsists of 4 ineisors, 2 cuspids, 

4 bicuspids (premolars), and 6 molars. The last set of molars is also ealled the vvisdom teeth. 
Some people do not have their molars and therefore have only 28 teeth. 
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Figure 18-1: Oral structures. 
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Salivary Glands 

There are three sets of salivary glands. The parotid glands are loeated near the masseter muscle. 

The sublingual glands are loeated just under the tongue. The submandibuiar glands are loeated 
deep in the mandible. All three glands produce salivary amylase. Salivary amylase will begin the 
digestion of earbohydrates. 


The Tongue 

The partially digested food is now dissolved and stimulates the various gustatoiy eells in the 
taste buds (discussed in Ghapter 12). The tongue will push the bolus of food to the baek of the 
throat to prepare for swallowing. 


The Uvula 

The food will brush against the uvula. A signal is sent to the brain indieating that swallowing is 
about to take plaee. The swallowing reflex includes the elosing of the epiglottis over the glottis 
of the traehea to prevent food from going down the traehea. Figure 18-2 shows the aetion of the 
epiglottis elosing over the traehea. 

Figure 18-2a shows the bolus of food being pushed to the baek of the mouth in preparation of 
swallowing. Figure 18-2b shows the bolus of food brushing past the uvula, which then triggers 
the epiglottis to elose over the traehea thereby preventing food from going down the traehea. 

The food is eventually swallowed and will enter into the esophagus. The esophagus is made of 
smooth muscle that eontraets in such a manner to ereate peristaltie waves. Due to the aetion of 
peristalsis, the partially digested food will move toward the stomaeh. 
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Figure 18-2: The Aetion of the epiglottis during swallowing. 


Example Problems 

Use Figure 18-3 and the information discussed regarding the saiivary giands to ansvver 
Questions 1 through 3. 

1. VVhat is the name for the saiivary giand labeied a?_ 

answer: subiinguai salivaiy giand 

2. What is the name for the saiivary giand labeied b?_ 

answer: submandibular salivary gland 

3. What is the name for the salivary gland labeled e?_ 

answer: parotid salivary gland 

4. The mouth is responsible for partially digesting what type of food product? 
answer: earbohydrates 

5. The epiglottis eloses over the_to prevent food from going 

down the “wrong tube.” 

answer: glottis. The opening to the traehea. 

6 . The uvula is loeated (use a direetional term)_to the palatine 

tonsils. 

answer: medial 

7. If a person has all of their teeth, they would have_ineisors,_ 

cuspids,_bicuspids, and_molars. 

answer: 8 ineisors, 4 cuspids, 8 bicuspids, and 12 molars 
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8 . VVhat is the name of the structure in the mouth that is uitimateiy responsibie for getting 
the epigiottis to eiose over the giottis of the traehea? 

answer: the uvuia 

9. Saiivary amyiase wiii digest_. 

answer: earbohydrates 

10. The traehea is ioeated (use a direetionai term)_to the 

esophagus. 

answer: anterior 



Figure 18-3: The salivary glands. 


The Stomaeh 

The bolus of food travels down the esophagus and passes through an opening in the diaphragm 
muscle to enter into the stomaeh. This opening is ealled the esophageal hiatns. Figure 18-4 
shows this proeess. The following bullets list seleet features of the stomaeh. 

□ Esophageal sphineter: The esophagus passes through an opening in the diaphragm ealled 
the esophageal hiatus to attaeh to the stomaeh. The opening to the stomaeh is eontrolled 
by a smooth muscle ealled the esophageal sphineter. 

□ Gastrie rngae: The gastrie rugae are the muscular ridges inside the stomaeh. The rugae will 
flatten when food enters the stomaeh so the stomaeh ean expand. 

□ Hydroehlorie aeid and pepsinogen: HCI and pepsinogen are produced by the stomaeh 
eells. The eombination of HCI and pepsinogen will produce the digestive enzyme, pepsin. 

□ Pylorie sphineter: The pylorie sphineter is a smooth muscle at the distal end of the stom- 
aeh. Onee the partially digested food passes through this sphineter it is on its way to the 
small intestine. 

□ Digestive enryme: Pepsin is the digestive enzyme of the stomaeh and it partially digests 
protein. 

The bolus of food entering the stomaeh still eonsists of protein and fat and partially digested 
earbohydrates. 



ehapter 18: The Digestive System 




Figure 18-4: The esophageal hiatus. 


The Esophageal Sphineter 

The esophageal sphineter is a circuiar muscie that opens and eioses invoiuntariiy at the entranee 
to the stomaeh. VVhen food is in the stomaeh, the esophageai sphineter eioses to eontain the 
food and the digestive juices. There are other stomaeh muscies that wiii cause the stomaeh to 
eontraet and reiax in such a manner to get the food thoroughiy mixed with gastrie juices. 


The Gastrie Rugae 

As food enters the stomaeh, the stomaeh wiii streteh. The rugae aiiow the stomaeh to have the 
abiiity to streteh. As the stomaeh stretehes, a hormone is reieased from stomaeh eeiis, which 
wiii cause other stomaeh eeiis to begin producing hydroehiorie aeid and pepsinogen. 


Hydroehlorie Aeid, Pepsinogen, Pepsin 

As the stomaeh stretehes, it produces hydroehlorie aeid and pepsinogen. The eombination of 
hydroehiorie aeid and pepsinogen yieids the digestive enzyme, pepsin. Pepsin digests oniy pro- 
tein. Hydroehiorie aeid not oniy aetivates pepsinogen to form pepsin, but it aiso serves to destroy 
pathogens. As we eat, pathogens ean easiiy enter into the digestive system. Hydroehiorie aeid 
ereates an environment in the stomaeh with a pH of 1 to 2. This extreme aeid ievei wiii kiii most 
pathogens. 

If the esophageal sphineter shouId open while food is in the stomaeh, the movement of the 
stomaeh couId cause some of the aeid to slosh up into the esophagus. The esophagus does not 
have any proteetion against aeid. The aeid then causes a burning sensation in the esophagus. 
This burning sensation is deseribed as heartburn. Because the heart is not involved at all, a more 
appropriate term is esophageal reflux or aeid reflux. 
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The lining of the stomaeh is weii proteeted against the aeid it produces. The stomaeh has eeiis that 
prodnee a thiek iayer of mucus. The mucus eoats the inside iining of the stomaeh and, therefore, 
buffers the aeid. If any of the eells fail to produce adequate amounts of mucus, the aeid ean begin 
to destroy the lining of the stomaeh. This is I<nown as a stomaeh ulcer. 

The partially digested material in the stomaeh is now ealled aeidie ehyme. The aeidie ehyme 
eonsists of fat, partially digested earbohydrates, and partially digested protein. 

Pylorie Sphineter 

The pylorie sphineter is a circular nnuscle that opens and eloses involuntarily at the distal end 
of the stomaeh leading to the beginning of the small intestine. When the pylorie sphineter 
opens, the aeidie ehyme will enter the first part of the small intestine ealled the cluoclenum. 


Example Problems 

1. Hydroehlorie aeid eonverts_to the aetive form ealled 

pepsin. 

ansvver: pepsinogen 

2. The stomaeh mainly digests_. 

ansvver: protein 

3. The muscular ridges on the inside of the stomaeh that aIIow the stomaeh to streteh when 

food is present are ealled_. 

ansvver: rugae or gastrie rugae 

4. VVhen food is in the mouth it is ealled a boIus. But, when it enters the stomaeh and mixes 

with aeid it is ealled aeidie_. 

ansvver: ehyme 

5. The esophageal hiatus is an opening in the_, which 

aIIows the esophagus to pass to enter into the stomaeh. 

ansvver: diaphragm 

The Small Intestine 

The following bullet list gives you seleet features of the small intestine. Due to the numerous en- 
zymes, the small intestine does more digestion than the stomaeh. The small intestine is eonsid- 
erably longer than the stomaeh and therefore food spends more time in the small intestine than 
it does in the stomaeh. Spending more time in the small intestine allows for more digestion. 

So, the eombination of more enzymes and longer time makes for more digestion in the small 
intestine than in the stomaeh. 

□ Duoclenum: This is the first part of the small intestine. It is about 1 foot in length. 

□ Hepatopanereatie sphineter: The panereas produces numerous en^mes. These enzymes 
will leave the panereas and enter into the duodenum at the site of the hepatopanereatie 
sphineter. Bile from the gallbladder will also enter the duodenum at the same site. 
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□ Jeíunum: This is the middie portion of the smail intestine. It is about 8 feet in length and 
eonsists of numerous structures ealled villi. Most of the digestion and absorption occurs in 
this region. 

□ Villi: These are structures lining the inside of the small intestine. Digested material is absorbed 
through the villi and enters into the bloodstream. 

□ lleum: This is the last segment of the small intestine and is about 10 feet in length. The 
ileum eonsists of numerous villi. Any material not absorbed will leave the ileum and enter 
into the first part of the large intestine ealled the cecum. 

□ Dlgestlve enzymes: The small intestine produces numerous enzymes for the purpose of 
digestion. 

Maltase will digest maltose, a earbohydrate. 

Sucrase will digest sucrose, a earbohydrate. 

Laetase will digest laetose, a earbohydrate. 

Peptidase will digest protein. 


The Duodenum 

The duodenum is the first part of the small intestine. The aeidie ehyme from the stomaeh enters 
into the duodenum. Therefore, the duodenum is exposed to aeid. The duodenum does not have 
the mucus proteetion that the stomaeh has. If the duodenum is not proteeted, it is quite likely 
that an ulcer could result. The ulcers in the duodenum are ealled dnodenal nleers. However, the 
duodenum does have some proteetion. The panereas produces buffers. The buffers leave the 
panereas and enter the duodenum by passing through the hepatopanereatie sphineter. Figure 18-5 
shows how buffers leave the panereas and enter into the duodenum. 


Common bile duct 


Hepatopanereatie 
sphineter area 



Panereatie duct 


Figure 18-5: The hepatopanereatie sphineter. 
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The Jejunum 

Most of the digestion occurs in the seeond part of the smaii intestine. The eeiis iining the smaii 
intestine produce numerous enzymes that wiii continue the digestion proeess. The aeidie ehyme 
that has entered the smaii intestine eonsists of partiaiiy digested earbohydrates, partiaiiy digest 
protein, and fat. The enzymes maitase, sucrase, and iaetase wiii continue the digestion of earbo- 
hydrates. The peptidase that is aiso produced by the eeiis of the smaii intestine wiii continue the 
digestion of protein. 

There are numerous en^mes that are produced in the panereas that wiii enter into the duodenum 
and wiii digest food in the jejunum as weii. Figure 18-5 shows how the en^mes that are produced 
in the panereas wiii enter into the duodenum. The panereas produces numerous enzymes that wiii 
heip to eompiete the proeess of digestion in the smaii intestine. 

Onee the food is thoroughiy digested it has to be absorbed through the waiis of the smaii intes- 
tine to enter into the bioodstream so it ean be transported to the eeiis of the body. The structures 
that permit maximum absorption are eaiied villi. 


The lleum 

The iieum is the iast segment of the smaii intestine. It is in this segment that final absorption 
takes plaee. Any digested material that is not absorbed will enter into the large intestine and 
will beeome waste. At the junction of the first part of the large intestine, ealled the cecum, is 
an invoIuntary muscle ealled the ileoeeeal sphineter. VVhen this sphineter opens, the material in 
the ileum will enter into the cecum and is now in the large intestine as waste products. 


Example Pmblems 

1. The first part of the small intestine is ealled the_. 

ansvver: duodenum 

2. VVhieh part of the small intestine is eonneeted to the stomaeh and which part is eonneeted 
to the large intestine? 

answer: duodenum; ileum 

3. An important aspeet of the small intestine is the digestion of food products. Another 
important aspeet is the absorption of the nutrients (formed via digestion) into the 
bloodstream so the various eells of the body ean reeeive those nutrients. The nutrients 
are absorbed into the bloodstream via what structures? 

answer: villi 

4. The pH of the aeid eoming from the stomaeh is about_and the pH in 

the small intestine is about_. 

answer: 1 to 2; 7 to 8 

5. In order to maintain a pH of 7 to 8 in the small intestine,_are 

released from the panereas, which will enter into the duodenum. 


answer: buffers 
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Work Problems 

1. The small intestine is made of three major regions. Identify those regions in eorreet 
sequence regarding the movement of food throngh the small intestine. 

2. VVhat is the name of the muscular aetion that moves the food through the esophagus, 
through the stomaeh, and through the small intestine? 

3. The largest salivary gland is the parotid gland and it is loeated near the 
_muscle. 

4. VVhen the_eells of the taste buds are stimulated by 

dissolved food, they will send signals to the brain for the interpretation of flavor. 

5. VVhen we begin to swallow, the_will elose over the 

_to prevent ehoking. 

6 . The stomaeh produces_enzyme and the small intestine produces_ 

enzymes. (State your answer in numerals.) 

7. Food that is not digested or absorbed in the small intestine will be eonsidered waste and 

will enter the first part of the large intestine ealled the_. 

8 . Many people discuss eanine teeth. VVhieh teeth are eonsidered to be (in laymen’s terms) 
the eanine teeth? 

9. The stomaeh is made of the eardia region, the fundus region, and the pylorus region. 
VVhieh of those regions attaeh to the duodenum of the small intestine? 

10. The enzyme in the mouth mainly digests_. 

Worked Solations 

1. cluoclenum, jejunum, and ileum 

2. peristalsis 

3. masseter 

4. gustatory eells (refer to Ghapter 12) 

5. epiglottis; traehea (or opening to the traehea ealled the glottis) 

6. 1 (pepsin); 4 (maltase, snerase, laetase, peptidase) 

7. cecum 

8. cuspids 

9. pyloras 

10. earbohydrates 
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The Panereas 

There are numerous enzymes produced by the panereas. Because food does not enter into the 
panereas to be digested, it is eonsidered an aeeessory organ of digestion. Gonsider the follovving 
seleet features of the panereas. 

□ Buffers: Buffers from the panereas will travel in the panereatie duct and through the 
hepatopanereatie sphineter into the duodenum. 

□ Digestive enzymes: The panereas produces numerous enzymes that will enter into the 
small intestine to digest food. 

Tiypsin will digest protein. 

ehymotrypsin will digest protein. 

Carboxypeptidase will digest protein. 

Panereatie amylase will digest earbohydrates. 

Lipase will digest fat. 

□ Hepatopanereatie sphineter: This sphineter eontrols the flow of material into the duodenum 
from the panereatie duct of the panereas and the eommon bile duct of the liver. 


Buffers 

When partially digested ehyme enters the small intestine, it is rather aeidie due to the aeid nature 
of the gastrie juices of the stomaeh. The pH of the aeid from the stomaeh is 1 to 2 and the pH of 
the small intestine is 7 to 8. In order for the enzymes in the small intestine to fijnetion properly, 
the pH has to be 7 to 8. If aeid is entering into the duodenum from the stomaeh, the small intes- 
tine pH could deerease. If the pH deereases too much, the enzymes will denature and therefore 
not do an adequate job of digesting food. Therefore, to stabilize the pH (keep it at 7 to 8), the 
panereas releases buffers. 

The aeid entering into the small intestine could also cause ulcers in the duodenum ealled 
cluoclenal ulcers. The duodenum does not have much proteetion against aeid. The aet of stabi- 
lizing the pH will proteet against duodenal ulcers. 


Digestive Enzymes from the Panereas 

When aeidie ehyme eonsisting of earbohydrates, protein, and fat enter into the small intestine, the 
panereas is stimulated to release a host of digestive enzymes. The small intestine itself produces 
earbohydrases such as maltase, sucrase, and laetase. The panereas will add its earbohydrase, 
panereatie amylase. Garbohydrates are, therefore, thoroughly digested in the small intestine. 

The small intestine itself produces a protease ealled peptidase. The panereas will add its proteases 
such as; tiypsin, ehymotiypsin, and carboxypeptidase. Proteins are therefore thoroughly digested 
in the small intestine. 

The small intestine itself does not produce an enzyme to digest fat. When aeidie ehyme with fat 
enters the small intestine, the panereas is stimulated to release lipases, which will digest lipids 
such as fat. Fat is finally digested in the small intestine but with an enzyme from the panereas. 
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Figure 18-5 shovvs the panereatie enzymes traveling through the panereatie duct tovvard the 
duodenum. The enzymes vvili pass through an opening eailed the hepatopanereatie sphineter. 
Buffers vvill aiso pass through the hepatopanereatie sphineter. 

The dotted line in the panereatie duct represents the flovv of digestive enzymes and buffers, pro- 
duced by the panereas, to the duodenum. These products vvill enter the duodenum by passing 
through the hepatopanereatie sphineter. Notiee, bile from the liver and galibladder vvill pass 
through the eommon bile duct and vvill aiso enter the duodenum at the site of the hepato- 
panereatie sphineter. 

Fat is a veiy difficult substance to break dovvn. Lipase ean digest the fat but it does a more effieient 
job vvith the help of bile. Bile is produced in the liver and stored in the gallbladder. VVhen fat enters 
the small intestine, the gallbladder releases its stored bile into the small intestine. Bile vvill emulsify 
the fat. Onee the fat is emulsified, lipase vvill begin to vvork on it. Emulsified fat is easier to digest 
than fat that has not been emulsified. 


The Liver and Gallbladder 

The follovving bullet list highlights the features of the liver and gallbladder. The liver produces 
bile and the gallbladder stores the bile. VVhen bile is needed, the hepatopanereatie sphineter 
opens and bile vvill enter the duodenum of the small intestine. Bile is then used to emulsify fat. 
Bile does not digest fat. Refer to Figure 18-5 and examine Figure 18-6 to see hovv bile enters 
the duodenum. 

□ The liver eonsists of hepatoeytes. Hepatoeytes produce bile. 

□ Tubes assoeiated vvith the liver: 

The liver eonsists of the left and right hepatie ducts. 

The left and right hepatie ducts join to form the eommon hepatie duct. 

The eommon hepatie duct forms the eommon bile duct. 

The eommon bile duct leads to the hepatopanereatie sphineter, vvhieh opens into the 
duodenum. 

□ Tubes assoeiated vvith the gallbladder: 

Bile leaves the gallbladder by traveling through the eystie duct. 

The eystie duct joins the eommon bile duct. 

The eommon bile duct leads to the hepatopanereatie sphineter, vvhieh opens into the 
duodenum. 

□ Emulsification is the proeess of taking large “globs” of fat and breaking them dovvn to form 
small “globs” of fat. ft is easier for lipase to digest small globs of fat than large globs. 

The liver produces bile and bile is stored in the gallbladder. As bile leaves the liver, it ean enter 
the eystie duct to go to the gallbladder for storage. 
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Example Pmblems 

Use Figure 18-6 and the information in preeeding builet list to ansvver the follovving questions. 



Figure 18-6: The liver and gallbladder. 

1. VVhat is the name of structure a in Figure 18-6? 
ansvver: left and right hepatie ducts 

2. VVhat is the name of structure b in Figure 18-6? 
ansvver: eystie duct 

3. VVhat is the name of structure e in Figure 18-6? 
ansvver: hepatopanereatie sphineter 

4. VVhat is the name of structure d in Figure 18-6? 
ansvver: eommon hepatie duct 

5. VVhat is the name of structure e in Figure 18-6? 


ansvver: eommon bile duct 
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Work Problems 

1. The hepatopanereatie sphineter is joined by the tube from the panereas and the tube from 
the galibiadder and liver. VVhat are those two tubes eailed? 

2. VVhen the hepatopanereatie sphineter opens, biie and panereatie enzymes wiii enter into 

the_of the smail intestine. 

3. The panereas produces (how many)_enzymes that wili enter into the small 

intestine to digest food. 

4. After the digestive enzymes have entered into the small intestine from the panereas and 
are added to the digestive enzymes already produced in the small intestine, there will be 
a total of how many enzymes at work in the small intestine? 

5. In order for fat to be digested in the small intestine, the panereas must release the 

enzyme_into the duodenum. 

6 . Bile is produced in the_and is stored in the_. 

7. _will emulsify fat so the enzyme,_ean do a 

more effieient job of digesting the fat. 

8. VVhat is the néime of the tube that drains bile from the gallbladder into the eommon bile duct? 

9. Because the liver, gallbladder, and panereas are heavily involved in the digestive 
proeesses (even though food does not enter those organs); they are ealled 
_organs of digestion. 

10. In order for the enzymes from the panereas and the enzymes produced in the small 
intestine to work properly, the pH must be_. 


Worked Solotions 

1. panereatie dnet and eommon bile duct 

2. duodenum 

3. 5: tiypsin, ehymotrypsin, carboxypeptidase, panereatie amylase, and lipase 

4. 9: 4 already produced in the small intestine and 5 from the panereas 

5. lipase 

6. liver; gallbladder 

7. Bile; lipase 

8. eystie duct 

9. aeeessory 

10. 7to8 
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The Large Intestine 

Any food material that is not digested or is not absorbed by the vilii of the smail intestine will pass 
through the ileoeeeal sphineter and enter into the first part of the large intestine ealled the eeenm. 
The large intestine does not digest food nor does it absorb nntrients. Its main ftjnetion regard- 
ing the digestive system is to absorb water baek into the bloodstream to prevent dehydration. 
Gonsider the following seleet features of the large intestine (and see Figure 18-7). 

□ Cecum: This is the first part of the large intestine. 

□ Appendbr: The vermiform appendix is attaehed to the cecum. It averages 7-9 em in length. 

□ Aseendlng eolon: Due to peristaltie aetion of the smooth muscles of the large intestine, 
waste material is moved through the aseending eolon. This portion is loeated on the right 
side of the body. 

□ Hepatie flexure: This is a bend in the large intestine loeated in right hypoehondriae region. 
It’s ealled the hepatie fiexure because it is a bend loeated near the liver (hepatie). 

□ Transverse eolon: This portion of the large intestine is loeated in a transverse position in 
the abdominal eavity. Due to peristaltie aetion, waste in this portion moves from the right 
side to the left side of the body. 

□ Splenle flexure: This is the seeond bend in the large intestine and is loeated in the left 
hypoehondriae region. It is ealled the splenie fiexure because it is a bend loeated near the 
spleen (splenie). 

□ Deseendlng eolon: Due to peristaltie aetion, waste material is moved through the deseend- 
ing eolon. This portion is loeated on the left side of the body. 

□ Slgmold flexure: This is the third bend in the large intestine loeated in the left iliae region. 

It is ealled the sigmoid flexure because it leads to the S-shaped sigmoid eolon. 

□ Slgmold eolon: The sigmoid eolon curves from the left side of the body to the midline of 
the body. 

□ Reetiim: The sigmoid eolon empties waste material into the rectum. From the rectum, the 
waste passes through the anus. 

The waste products that enter into the large intestine eonsist of approximately 2L of water. It is 
imperative that some of this water is reabsorbed into the bloodstream. As the waste material is 
traveling through the large intestine (via peristaltie aetion of smooth muscles) water is reabsorbed 
into the nearby blood vessels. If the waste material passes through the large intestine too slow, 
excess water is removed from the waste and eonstipation occurs. If the waste material passes 
through the large intestine too fast, very little water is reabsorbed. Therefore, the waste material 
is very watery and diarrhea occurs. 



ehapter 18: The Digestive System 





Figure 18-7: The large intestine. 


Example Problems 

Use Figure 18-7 and the information in the preeeding seetion to ansvver Questions 1 through 10. 

1. VVhat is the name for the iarge intestine structure iabeied a? 
answer: hepatie flexure 

2. VVhat is the name for the iarge intestine structure iabeied b? 
answer: aseending eoion 

3. VVhat is the name for the iarge intestine structure iabeied e? 
answer: cecum 

4. VVhat is the name for the iarge intestine structure iabeied d? 
answer: appendix 

5. VVhat is the name for the iarge intestine structure iabeied e? 
answer: transverse eoion 
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6 . VVhat is the name for the large intestine structure iabeied f? 
ansvver: spienie fiexure 

7. VVhat is the name for the iarge intestine structure iabeied g? 
ansvver: deseending eoion 

8 . VVhat is the name for the iarge intestine structure iabeied h? 
ansvver: sigmoid fiexure 

9. VVhat is the name for the iarge intestine structure iabeied i? 
ansvver: sigmoid eoion 

10. VVhat is the name for the iarge intestine structure iabeied j? 
ansvver: rectum 

Summary of Digestive Enzymes 

Table 18-1 lists the organs of digestion and snmmarizes the enzymes that are prodneed and/or 
used in that organ. 


Table 18-1 Enzymes of the Digestive System 


Organ of Digestion 

Enzyme 

Fnnetion 

Mouth 

Salivary amylase 

Partially digests earbohydrates 

Stomaeh 

Pepsin 

Partially digests protein 

Small intestine 

Maltase 

Digests earbohydrates 


Sucrase 

Digests earbohydrates 


Laetase 

Digests earbohydrates 


Peptidase 

Digests protein 


Trypsin (from the panereas) 

Digests protein 


ehymotrypsin (from the panereas) 

Digests protein 


Carboxypeptidase (from the panereas) 

Digests protein 


Panereatie amylase (from the panereas) 

Digests earbohydrates 


Lipase (from the panereas) 

Digests fat 
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Hormones of the Digestive System 

In order to aeeomplish the task of digestion, there has to be numerous digestive enzymes. Those 
enzymes will only work at optimum pH. In this ease the pH is 7 to 8. The pH is stabilized by the 
aetion of the buffers produced by the panereas, which enter the duodenum. In addition, in order 
to get the enzymes released from the panereas and bile to be released from the gallbladder; 
hormones are involved. Gonsider the foIIowing list of seleet hormones and their ftjnetion. 

□ Gastrin: 

VVhen the stomaeh stretehes due to the presenee of food, stomaeh eells release gastrin. 
Gastrin targets other eells of the stomaeh. 

Gastrin causes those eells to produce HCI and pepsinogen. 

The eombination of HCI and pepsinogen will yield pepsin. 

□ eholeeystokinin: 

Due to the presenee of aeidie ehyme eonsisting of protein and fat, the eells of the small- 
intestine will release eholeeystokinin (CCK). 

CCK targets the gallbladder and the panereas. 

CCK causes the gallbladder to release bile. 

CCK causes the panereas to release its digestive enzymes (eolleetively ealled panereatin). 

CCK also targets the hepatopanereatie sphineter to get it to open to aIIow panereatie 
enzymes and buffers and bile to enter the duodenum. 

□ Seeretin: 

Due to the presenee of aeidie ehyme, the eells of the small intestine will release seeretin. 
Seeretin targets the liver and the panereas. 

Seeretin causes the liver to begin making bile. 

Seeretin causes the panereas to release buffers. 


Work Problems 

1. Name the hormone that causes the gallbladder to release bile. 

2. Name the hormone that causes the release of buffers from the panereas. 

3. VVhat causes the small intestine to release eholeeystokinin? 

4. True or false. The large intestine will eomplete the digestion of fat. 

5. Seeretin does not stabilize the pH in the small intestine but it is neeessary in order for the 
pH to beeome stabilized. How is seeretin neeessary for this proeess to work? 

6 . The aetivation of (or eonversion of)_produces the 

digestive enzyme pepsin. 
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7. A patient with panereatie eaneer wiii iikeiy have difficuity in producing various hormones 

but wiii aiso have a difflcuit time in producing_ 

8 . Based on the information in Tabie 18-1, which organ does the most digestion? 

9. Gastrin is reieased by stomaeh eeiis and wiii target_. 

10. What hormone causes the hepatopanereatie sphineter to open? 


Worked Solutions 

1. eholeeystokinin 

2. seeretin 

3. The presenee of fat anei protein will eanse the release of CCK. 

4. false. The iarge intestine does not digest food. 

5. Seeretin eanses the panereas to release bnffers. Buffers wiii stabiiize the pH of the 

smaii intestine. 

6. pepsinogen 

7. digestive enzymes 

8. small intestine 

9. stomaeh eells 

10. eholeeystokinin (CCK) 

ehapter Problems and Solutions 

Problems 

1. True or faise: The stomaeh does the most digestion. 

2. What hormone is required to get the panereas to reiease its digestive enzymes into the 
duodenum? 

3. What hormone is required to get the panereas to reiease its buffers into the duodenum? 

4. The stomaeh has a iot of mucus, which wiii provide proteetion for the stomaeh iining 
against the aeid that is produced by the stomaeh. The smaii intestine does not have this 
type of proteetion. What provides proteetion against aeid in the smaii intestine? 

5. When the smaii intestine has a iot of_in the ehyme, there wiii be excess 

biie reieased into the duodenum. 
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6 . The hormones eholeeystoldnin and seeretin are prodneed by the eeiis in the_. 

7. The main job of the iarge intestine is to reabsorb_baek into the 

bioodstream. 

8 . Name the enzymes that are invoived in digesting earbohydrates assoeiated with the entire 
digestive system. 

9. Name the enzymes that are invoived in digesting protein assoeiated with the entire 
digestive system. 

10. Name the enzyme that is invoived in digesting fat assoeiated with the entire digestive 
system. 

Ansvvers and Solutions 

1. false. The smaii intestine digests more than the stomaeh. 

2. eholeeystokinin (CCK) 

3. seeretin 

4. bnffers (irom the panereas) will enter into the small intestine to proteet it against aeid. 

5. fat. Biie emnisifies fat. 

6. small intestine 

7. water 

8. salivary amylase, maltase, snerase, laetase, panereatie amylase 

9. pepsin, peptidase, trypsin, ehymotrypsin, carboxypeptidase 

10. lipase 

Supplemental Ghapter Problems 

Problems 

1. VVhen the_sphineter faiis to eiose properiy, some stomaeh 

eontents ean enter into the esophagns. This is known as esophageai refiux. 

2. The iieum is a part of the_and the iiium is a part of the 

3. Heartburn is a eondition vvhere stomaeh aeid is “sloshing” baek into the esophagus. The 
aeid begins to burn the inside lining of the esophagus at about the height of the loeation 
of the heart. It does not affeet the heart. Therefore, a more eorreet term to deseribe this 
eondition is 
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4. Rapid peristalsis in the large intestine could result in what medieal eondition? 

5. Laetose intoleranee is a eondition where the patient is not producing enough of what 
enzyme? 

6 - A patient with gallbladder problems may have difficulty digesting which type of food 
substance? 

7- A deerease in buffers eoming from the panereas could result in the ehange of the pH of 
the small intestine. In this situation, the pH of the small intestine will (rise or fall). 

8 . A laek of seeretin could result in a (rise or fall) in the pH of the small intestine. 

9. When food enters the stomaeh, it causes the stomaeh to streteh, thereby releasing gastrin. 
Stress also ean cause the stomaeh to release gastrin. Based on this and the information on 
the hormones in the digestive system, explain why stress may cause ulcers. 

10- A hiatal hernia is the infiammation ofwhich structure discussed in this ehapter? The name 
of the eondition is a hint. 


Ansvvers 

1. esophageal 

2. small intestine; os coxae (hip structure). Notiee the differenee in the spelling of ileum 
and ilium. 

3. esophageal reflux or aeid reflux 

4. diarrhea 

5. laetase 

6 . fat. Gallbladder problems may result in a deerease in bile storage and release. Therefore, 
fat eannot be emulsified, vvhieh makes it veiy difficult to digest the fat. 

7. fall (beeomes more aeidie) 

8 . fall. A laek of seeretin could result in a laek of buffer release from the panereas. 

9. Regardless of what causes the release of gastrin, gastrin will cause the stomaeh eells to 
release HC1. Hydroehlorie aeid causes the pH of the stomaeh to reaeh a value of 1 to 2. 
Excess aeid production, without the presenee of food, could ereate ulcers. 

10. The esophageal hiatus in the diaphragm muscle. 




Metabolísm 


A fter food is ingested, your digestive system begins to break the food down into its molecu- 
lar form, which is referred to as nutrients. These nutrients are then absorbed from the small 
intestine into the bloodstream. The nutrients then travel to all eells of the body. The eells 
then absorb the nutrients. The eells will then metabolize the nutrients. Metabolism is defined as the 
sum total of all the ehemieal reaetions in the body that are neeessary to maintain homeostasis. 
Metabolism involves eatabolie reaetions (eatabolism) and anabolie reaetions (anabolism). 


eatabolism 

eatabolism is the breakdown of large molecules into smaller molecules. Catabolism usually occurs 
in two stages; the first in the eytosol of the eell and the seeond in the mitoehondria of the eell. 
Gonsider the following information regarding eatabolism in the eytosol: 

□ Large organie molecules (from digestion) enter into the eytosol of the eell. 

□ There are enzymes in the eell that will eonvert those large organie molecules into smaller 
molecules. 

□ During the eonversion of these molecules, a small amount of ATP (adenosine triphosphate) 
is released. 

□ eatabolism generally involves the eonversion of the following food types: 

When fats are digested, they form fatty aeids, which ean enter into the mitoehondria. 

When earbohydrates are digested, they form glucose, which will then form pyruvic aeid, 
which ean enter into the mitoehondria. 

When proteins are digested, they form amino aeids, which will then form pyruvic aeid, 
which ean enter into the mitoehondria. 

In the mitoehondria, eatabolism behaves as follows: 

□ Fatty aeids and pyruvic aeid will enter into the mitoehondria. 

□ There are enzymes in the mitoehondria that will eonvert the various organie molecules into 
a large amount of ATP. 
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Anabolism 

The ATP that is generated during eataboiism ean be used for numerous aetivities in the body. 
One such aetivity is the buiiding of moiecuies neeessary to earry out various functions. This 
buiiding proeess is eaiied anaboiism. Gonsider the foiiovving seieet anaboiie aetivities of the eeii. 

□ Giucose enters into the iiver and the iiver eeiis wiii add numerous giucose moiecuies together 
to produce a iarger moiecuie eaiied giyeogen. Giyeogen ean then be stored for later use. 

□ Amino aeids are bonded together to produce various types of protein in the body. One 
such protein structure wouid be hemogiobin. 

□ A variety of other moiecuies are bonded together to form eeii membrane moiecuies. 


Example Pmblems 

1. Where in the eell is the most ATP formed? 
answer: In the mitoehondria. 

2. Metabolism is eomprised of two cellular aetivities. They are_and 


answer: anabolism and eatabolism 

Use one of these two terms to answer the following questions: eatabolism or anabolism. 

3. Pyruvic aeid is formed during the proeess of_. 

answer: eatabolism 

4. The glyeogen that is stored in liver eells was formed during the proeess of 

answer: anaboiism 

5. ATP is generated during the proeess of_. 

answer: eataboiism 

Metabolism of Garbohydrates 

The majority of the food we eat eonsists of earbohydrates, protein, and fat. Garbohydrates wiii be 
digested to form giucose. Giucose is then used in eataboiie reaetions. Protein wiii be digested to 
form amino aeids and amino aeids wiii be used in eataboiie reaetions. Fats wiii be digested to form 
fatty aeids and giyeeroi, which are then used in eataboiie reaetions. The foiiowing buiiets discuss 
the metaboiism of earbohydrates (Figure 19-1 illustrates the metabolism of earbohydrates). 

eatabolism: 

□ Garbohydrates (such as stareh found in potatoes and bread) will be digested to form glucose. 

□ Glucose will enter into the eell and is eonverted to glucose-6-phosphate. 
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□ Glucose-6-phosphate will then eonvert to phosphoglyeeraldehyde (PGAL). 

□ Phosphoglyeeraldehyde will eonvert to form pyrnvie aeid. 

□ The eonversion of glneose to nltimately pyrnvie aeid in the eytosol is known as glyeolysis. 

□ Pyrnvie aeid will enter into the mitoehondria. 

□ There are numerous reaetions occurring in the mitoehondria that lead to the formation of ATP. 

□ The ehemieal reaetions in the mitoehondria that lead to the formation of ATP are known as 

the Kreb’s reaetions (named for Johannes Kreb), and the eleetron transport system. 

Anabolism: 

□ Any glucose molecules that are not needed immediately for the production of ATP will be 
bonded together to form glyeogen. Glyeogen is then stored in liver eells and skeletal muscle 
eells. 

□ Glyeogen ean then undergo eatabolism to “reform” glucose at a later time. 


earbohydrates 



Mitoehondrion 


Metabolism of Protein 

There are hundreds of thousands of different proteins in the body. Eaeh protein is made ofvarious 
amino aeids. The body uses only 20 different kinds of amino aeids even though some proteins 
ean eonsist of 574 amino aeids. The 20 different amino aeids are bonded together in a variety of 
sequences to ereate the many different protein molecules. The limited number of amino aeids 
the body uses to ereate thousands of different protein molecules is analogous to the English al- 
phabet. There are only 26 letters in the alphabet but yet there are thousands of different vvords. 
The letters are just plaeed in different sequences to ereate different vvords. The sequence of the 
amino aeids is determined by the DNA molecule in the nucleus of the eell. Figure 19-2 illustrates 
the metabolism of protein, vvhile the follovving bullet list discusses the metabolism of protein. 
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eatabolism: 

□ Protein is digested to form amino aeids. 

□ Amino aeids ean enter into the eell and is broken down. 

□ A portion of the amino aeid molecule is ealled the amino group. During eatabolism, this 
amino group is removed thus forming ammonia. 

□ Liver eells will eonvert the ammonia molecules to a less toxic molecule ealled urea. 

□ Urea is then excreted in the urine. 

□ Also, when amino aeids enter into the eell, they ean eonvert (ultimately) to pyruvic aeid. 

□ Pyruvic aeid will enter into the mitoehondria. 

□ There are numerous reaetions occurring in the mitoehondria that lead to the formation of ATP. 

Anabolism: 

□ During anabolism, the amino group from one amino aeid is removed and is then added to 
other earbon ehains. In doing so, a brand new amino aeid is formed. 

□ Organs that require a large amount of amino aeids for protein production are: liver, skeletal 
muscles, heart, kidneys, and brain. 


Garbohydrates 



Metabolism of Fat 

A lot of food ingested eonsist of fat or is prepared in fat. Fat beiongs to a eategory of moieenies 
eaiied lipids. Exampies of moieenies that fit in the eategory of iipids are: phosphoiipids, giyeo- 
iipids, ehoiesteroi, and fat. Fat moieenies are made of a giyeeroi moieenie and three fatty aeids. 
Beeanse it has three fatty aeids, it is generaiiy referred to as triglyeerides. Figure 19-3 iiinstrates 
the metaboiism of fat, vvhiie the foiiovving buiiet iist discusses the metaboiism of fat. 
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eatabolism: 

□ Fat is digested to form giyeeroi and fatty aeids. 

□ Giyeeroi wiii enter into the eytosoi of the eeii and beeome a eomponent of phosphogiyeer- 
alelehyde (PGAL); henee the “giyeer” portion of the name. 

□ Phosphogiyeeraidehyde wiii eonvert to form pyrnvie aeid. 

□ Pyrnvie aeid wiii enter into the mitoehondria. 

□ There are numerous reaetions occurring in the mitoehondria that iead to the formation of ATP. 

□ The fatty aeid eomponent of fat ean enter into the mitoehondria itseif 

□ Onee it has entered the mitoehondria, the fatty aeids wiii undergo numerous reaetions that 
iead to the formation of ATP. 

Anabolism: 

□ Geiis ean take the giyeeroi and fatty aeids and reeombine them to make a variety of iipids. 

□ Many of such iipids inciude: 

Phosphoiipids for eeii membranes 
Glyeoiipids for the outer iayer of eeii membranes 
Fat for insuiation 

Ghoiesteroi is not made of giyeeroi and fatty aeids but is, nonetheiess, a iipid. Many 
hormones are ehoiesteroi-based, such as testosterone and estrogen. 



Example Problems 

1 . In referenee to the metabolism of earbohydrates, fats, and proteins, there are two 
moIecuIes that ean enter the mitoehondria for ftjrther reaetions. They are: 

and 


answer: pyruvic aeid; fatty aeids 
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2 . Amino adds are formed from the digestion of_and will 

eonvert to_inside the eell. 

answer: protein; pyruvic aeid 

3 . Due to the aetivity of_, one molecule ean eonvert to 

another molecule during cellular metabolism. 

answer: enzymes 

4 . Fats are often referred to as triglyeerides. This is because they are made of a glyeerol 

molecule and_. 

answer: three fatty aeids 

5 . Ammonia is a waste product and is produced during the eatabolism of_ 

answer: amino aeids 


Work Problems 

1. Glyeolysis is a series of ehemieal reaetions that occur in which part of the eell? 

2 . Kreb’s reaetions are a series of ehemieal reaetions that occur in which eell organelle? 

3 . VVhen eells build new organie molecules during metabolism, it is known as 


4 . Phosphoglyeeraldehyde is made up of a glucose molecule, which is an aldehyde 

molecule, a phosphate ion, and a_molecule. 

5 . Glucose is derived from which major food group? 

6 . 95% if the ATP produced by the eell is produced in the mitoehondria and 5% is produced 

in the_of the eell. 

7 . Ammonia is produced during metabolism and is quite toxic. To prevent the toxic levels 

from beeoming a problem, the ammonia is eonverted to_, which is 

then excreted in the urine. 

8 . When molecules are bonded together to produce a new substance, the proeess is ealled 


9 . When glucose enters the eell, it needs to ehange in order to basieally stay inside the eell to be 
eonverted to other products. Glucose is therefore eonverted to_. 

10. The anabolism of amino aeids will produce_. 
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Worked Solutions 

1. eytosol 

2. mitoehondria 

3. anabolism 

4. glyeerol 

5. earbohydrates 

6. eytosol 

7. urea 

8. anabolism 

9. glucose-6-phosphate 

10. protein 

Essential and Nonessential Products 

The eells of the body have the ability to buiid (anaboiize) a variety of moiecuies neeessary for 
homeostasis. Hovvever, there are some moiecuies the body needs but the eeiis eannot make 
them. Those moiecuies need to be obtained direetiy from the diet. The moiecuies that the body 
is abie to buiid are eaiied nonessentlal moiecuies and the ones that the body eannot buiid (and 
have to obtain from the diet) are eaiied essentlal moiecuies. 

In referenee to amino aeids, there are ten essential and ten nonessential amino aeids. Table 19-1 
iists those amino aeids. 


Table 1< 

)-1 Essential and Nonessential Amino Aeids 

Essential Amino Aeids 

Nonessential Amino Aeids 

lsoleucine 

Aspartie aeid 

Leucine 

Glutamic aeid 

Lysine 

Tyrosine 

Threonine 

Serine 

Tryptophan 

Gysteine 

Phenylalanine 

Glyeine 

Valine 

Alanine 

Methionine 

Asparagine 

Arginine* 

Glutamine 

Histidine* 

Proline 


*The body makes arginine and histidine but not in adequate amoants (espeeially in ehildren). 
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VVhen you study the essential and nonessential amino adds, think in terms iike this: It is essen- 
tial to have a good diet in order to obtain isoIeudne, Ieudne, and so on. In referenee to lipids, 
there are some fatty add ehains the eells ean build (nonessential fatty adds) and there are some 
that the eells eannot build (essential fatty adds). Linoleie aeid and linolenie aeid are the most 
eommon essential fatty adds; both are neeessaiy for eell membrane fatty adds. Both are neees- 
saiy for the inflammatory reaetions involved in tissue repair. 

Current researeh is also shovving that there very well couId be essential earbohydrates, too. 


Example Pmblems 

1. How do we obtain essential amino adds?_ 

ansvver: From our diet. 

2. How do we obtain nonessential amino adds?_ 

ansvver: Via metabolism, our body makes the nonessential amino adds. 

3. Foods that eontains eomplete proteins are the types of food that has all of the 
_amino adds. 

ansvver: essential 

4. If there were earbohydrates that the body needed but couId not make, they wouId be 

ealled_earbohydrates. 

ansvver: essential 

5. True or false; The essential amino aeids are more important than the nonessential amino 
aeids. 

ansvver: false. Both types of amino aeids are important and neeessary for homeostasis. 
VVhile the nonessential amino aeids ean be produced by the body, they are no less 
important than the ones obtained from the diet. 

Metabolism of Other Nutritional Products 

Proper nutrition requires consuming food that eonsists of the right amount of earbohydrates, 
protein, and fat. Also required is obtaining the right amount of essential products. In addition 
to all of this, one must also obtain the right amount of minerals and vitamins. The body eannot 
synthesize minerals. 

Minerals are in the body in the form of ions: 

□ Calcium ions: Required for muscle eontraetion, for nerve impulses, for bone growth, and 
for blood elotting. 

□ Potassium ions: Required for normal eardiae aetivity. 

□ ehloride ions: Required for normal respiratory aetivity (ehloride shift). 
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□ Magnesium ions: Required for enzyme formation. 

□ Soclium ions: Required for polarized nerve aetivity. 

Vitamins are typieally plaeed in two eategories. Some vitamins are fat-soluble and others are vvater- 
soluble. The fat-soinbie vitamins dissolve in lipids and ean be stored in the body. Beeanse we 
are able to store these vitamins, a defieieney of those vitamins is not a typieal occurrence. The fat- 
soluble vitamins are A, D, E, and K. The water'SOÌubie vitamins dissolve in water and are therefore 
easily transported to the Iddneys and excreted. Because of this, a defieieney of water-soluble vita- 
mins ean be a eommon occurrence. Water-soluble vitamins are Bi, B^, B 3 , B^, B 12 , C, and folie aeid. 

□ Vitamin A: Neeessary for the synthesis of ehemieals for vision. 

□ Vitamins B„ and B^: All are neeessary to eomplete the ehemieal reaetions in the 
mitoehondria for the formation of ATP. 

Bi = thiamine 

B 2 = riboflavin 

B 3 = niaein 

□ Vitamin Bg^This is pyridoxine. It is neeessary for the metabolism of amino aeids and fat. 

□ Vitamin B, 2 :This is eobalamin. It is neeessary for the red blood eells to absorb iron for the 
manufacture of hemoglobin. 

□ Vitamin C: This is aseorbie aeid. It is neeessaiy for eollagen formation within tissues. 

□ Vitamin D: Neeessary for the absorption of calcium ions and phosphorus ions from the 
small intestine for bone growth and other ftjnetions of calcium ions. 

□ Vitamin E: Inhibits the breakdown of vitamin A. 

□ Vitamin K: Neeessaiy for blood elotting reaetions. This ean be obtained from the diet but is 
also produced by baeteria living in the large intestines. 

□ Foiie aeid: Neeessary for the metabolism of amino aeids and nucleic aeids (RNA and DNA). 


Vitamins and Metabolism 

This seetion discusses how some of the vitamins are used in the ehemieai proeesses of metaboiism. 
Two vitamins of signifieanee are niaein and ribofiavin. During the eonversion of one organie moie- 
cuie to another, such as phosphogiyeeraidehyde to pyruvic aeid, many byproducts are produced. 
Some of the byproducts are; earbon dioxide (GOz), hydrogen ions water, and amino aeids. 
Much of the earbon dioxide ean be exhaied via the respiratoiy system. The water ean aiways be 
used by the body’s eeiis. The amino aeids produced are the nonessentiai amino aeids. The hydro- 
gen ions beeome a potentiai probiem. Hydrogen ions have an aeidie eharaeteristie. if there are a iot 
of hydrogen ions generated, the pH couid drop. if the pH drops, enzymes neeessary for metabo- 
iism couid eease to fijnetion. Metaboiism wouid then stop and ATP wouid not be produced. Those 
hydrogen ions need to be buffered. Figure 19-4 shows the byproducts produced and the hydro- 
gen ions being buffered. 

Hydrogen ions are produced via the eonversion of PGAL to pyruvic aeid. The vitamin niaein is 
eonverted to NAD (nieotinamide adenine dinucieotide). NAD wi)) bind to the hydrogen ions 
thereby buffering them. it wi)) then transport the hydrogen ions to speeifie regions within the 
mitoehondria eaiied the eleetron transport system. The hydrogen ions are then used to manu- 
facture ATP. 
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The vitamin riboflavin is eonverted to FAD (flavin adenine dinucleotide). FAD will bind to the 
hydrogen ions that are produced within the mitoehondria during metabolism, thereby buffering 
them. It will then transport the hydrogen ions to the eleetron transport system within the mito- 
ehondria. The hydrogen ions are then used in the mitoehondria to manufacture ATP. FAD and 
NAD work in a similar manner to buffer hydrogen atoms. However, the reaetions involving 
NAD will result in the production of more ATP than will reaetions involving FAD. 

Vitamin Bi is used to eonvert pyruvic aeid to products that will be used inside the mitoehondria. 
Many nutrition books will state that many vitamins aet as buffers during metabolism and some 
will aet as eoenzymes for the eonversion of organie molecules during metabolism. 


Example Pmblems 

1. The B vitamins are vvater soluble or fat soluble?_ 

ansvver: vvater soluble 

2. VVhieh tvvo vitamins discussed in this seetion aet as buffers during metabolism? 
ansvver: niaein and riboflavin 

3. VVhat is produced during metabolism that could alter the pH in such a manner to eease 
the aetivity of enzymes? 

answer: hydrogen ions 

4. VVhieh vitamin is neeessary to get calcium ions to leave the small intestine and enter the 
bloodstream so it ean travel to all parts of the body? 


answer: vitamin D 
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5. VVhieh vitamins are easier for the body to lose; vvater soluble or fat soluble vitamins? 
ansvver: vvater soluble 

eholesterol and Metabolism 

eholesterol is very important in the body. Cholesterol is neeessaiy for the production of eell mem- 
branes. It is neeessary for the production of some hormones such as testosterone and estrogen. It 
is also neeessary for the formation ofvitamin D. The mitoehondria of the liver are the organelles 
that produce eholesterol. Our body makes all the eholesterol it needs. Therefore, excess eholes- 
terol ean beeome a problem. The body deals vvith this problem vvith the use of a molecule that h^is 
eharaeteristies of a lipid and that of a protein. It is ealled a lipoprotein. This particular lipoprotein is 
ealled a high-density lipoprotein (HDL). HDL pieks up eholesterol and transports it to the liver. 
Onee eholesterol is in the liver, the liver eells vvill ineorporate the eholesterol into bile. Bile vvill be 
used by the digestive system and eventually exit the body via vvaste products. Therefore, by get- 
ting rid of bile, the body got rid of excess eholesterol. 

Hovvever, there is another lipoprotein ealled LDL (low-density lipoprotein). This lipoprotein 
also binds to eholesterol; hovvever, it seems to drop the eholesterol off in the arteries instead of 
in the liver. This eholesterol vvill build up in the arteries thus forming plaque. This is vvhy HDL is 
eonsidered good eholesterol and LDL is eonsidered bad eholesterol. In reality, the eholesterol 
is neither good nor bad; it is hovv the body handles the eholesterol that is good or bad. Figure 
19-5 shovvs the aetivity of HDL and LDL. The solid arrovvs represent the aetion of HDL and the 
dotted arrovvs represent the aetion of LDL. 

Liver-► Bile -► Small intestines -► Waste 



V 
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s 

N 

\ 

Blood vessels->- Plaque 


Figure 19-5: The aetion of HDL and LDL. 


Work Problems 

1- The bonding of_together will result in the formation 

of a protein molecule. 

2. What is the definition of essential amino aeids? 

3- Which vitamin is produced by baeteria in the large intestine and is used for the production 
of some blood elotting agents? 

4- What is the name of the molecule that ultimately assists in transporting excess eholesterol 
out of the body? 

5- NAD and FAD will bind to hydrogen ions and transport the hydrogen ions to speeifie 

regions of the mitoehondria, which then metabolize those ions to form ATP. In doing so, 
NAD and FAD aet as_to maintain the pH. 
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6 . Which group of vitamins ean be stored in the body? 

7- Why is linoleie aeid eonsidered to be an essential fatty aeid? 

8 . The eatabolism of amino aeids requires vitamin_. 

9. There are thousands of different proteins in the body. All of these proteins are made from 

only_different amino aeids. 

10. Which are we more likely to suffer a defieieney of; the B vitamins or vitamin E? 

Worked Solations 

1. amino aeids 

2. Essentiai amino aeids are amino aeids that the body eannot make and therefore must 
be obtained from the diet. 

3. vitamin K 

4. HDL (high-density iipoprotein) 

5. buffers 

6. fat-soiubie vitamins 

7. Linoieie aeid eannot be made by the body and must therefore be obtained ftom the 
diet, which is the definition of “essentiai.” 

8 . 

9. 20 

10. the B vitamins. These are water-soluble and vitamin E is fat-soluble. 

ehapter Problems and Solutions 

Problems 

1. Deamination is the proeess of removing the amine group from an amino aeid. This results 

in the formation of_. 

2. Urea is formed in the_and is excreted by the_. 

3- Which vitamin is neeessary for the production of pigments neeessary for vision? 

4. Which vitamin is required for proper absorption of calcium ions from the small intestine 
into the bloodstream, which ean then be used for proper bone growth? 

5- All of the ehemieal reaetions in the body ean be summarized with one word. That word is 
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6 . Glyeolysis is the name given to the series of ehemieal reaetions that involve glucose in the 
eytosol of the eell. Therefore, glyeolysis ultimately results in the formation of 

7. Lipoproteins that transport eholesterol mainiy to the iiver are eailed_. 

8 . A diet that eonsists of eomplete protein means that it eontains ail the_ 

amino aeids. 

9. Minerais eannot be made by the body therefore they have to eome from food source. The 
body needs ehloride ions and sodium ions. Identify the source of sodium and ehloride ions. 

10. VVhat two major food groups are invoived in the production of phosphoglyeeraidehyde? 


Ansvvers and Solutions 

1. ammonia 

2. liver; kidneys 

3. vitamin A 

4. vitamin D 

5. metabolism 

6. pyrnvie aeid 

7. high'density lipoproteins (HDL) 

8. essential 

9. salt (NaCI) will ionize to form sodinm ions and ehloride ions. 

10. Fat digests to form glyeerol, which will beeome a eomponent of PGAL and 
earbohydrates will digest to form glneose, which will eventnally beeome a 
eomponent of PGAL. 

Supplemental Ghapter Problems 

Problems 

1. The food we eat eomes from plant or animal products. Plant and animal products eonsist of 
eells and eells eonsist of ehromosomes, which are made of DNA. Therefore, the body needs 
to be abie to metabolize nucleic aeids. VVhat vitamin is neeessary to aeeomplish that task? 

2. If niaein and/or riboflavin were laeking in the diet, the pH in the eell that is assoeiated with 

metabolism would probably (go up or go down)_. 

3. A patient has been found to have poor development of matrix material within the tissues. 
It was found that this patient has an abnormally low level of which vitamin? 
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4 . Wide-spectrum antibioties kill the harmftjl baeteria, vvhieh therefore vvorks as an excellent 
treatment. Hovvever, because these antibioties are eonsidered to be vvide-spectrum, they 
kill even the “good” baeteria. Why vvould continuous use of vvide-spectrum antibioties 
cause a deerease in blood elotting aetivities? 

5 - A deerease in protein in the diet could also result in the deerease in the formation of 
vvhieh molecule, vvhieh therefore vvould result in a deerease in ATP production? 

6 - Lipoprotein lipase is an en^me that breaks dovvn lovv-density lipoprotein. A drug that 
bloeks lipoprotein lipase vvould ultimately cause the level of LDL to (go up or go dovvn). 

7 - Which is better; having higher levels of HDL eompared to LDL or having higher levels of 
LDL eompared to HDL? 

8 . Glyeolysis is the name given to the reaetions involving the metabolism of glucose in the 
eytosol of the eell. What vvould lipolysis be in referenee to? 

9 . A deerease in vitamin D could result in the malfunction of nerves. Explain hovv this is so. 

10- If vitamin A breaks dovvn, it eannot be used for the formation of the pigments involved in 
vision. What vitamin inhibits the breakdovvn of vitamin A? 


Ansvvers 

1 . folie aeid 

2 . go dovvn (beeome more aeidie) 

3 . vitamin C. Vitamin C is neeessary to make eollagen fibers. Collagen fibers are involved in 
making a matrix for eonneetive tissue. 

4. Wide-spectrum antibioties vvill also kill the baeteria living in the large intestine. Those 
baeteria produce vitamin K, vvhieh is neeessary for blood elotting. 

5. A deerease in protein results in a deerease in amino aeids, vvhieh therefore results in a 
deerease in pyruvic aeid. 

6 - LDL levels vvould go up. 

7. Having higher levels of HDL eompared to LDL. 

8 . Lipolysis is the metabolism of fat, vvhieh is a lipid, in the eytosol of the eell. 

9. Vitamin D is neeessary for the absorption of calcium ions into the bloodstream from the 
small intestines. Without vitamin D, calcium ions eannot enter the bloodstream and 
eannot be used for the release of neurotransmitters from the presynaptie vesieles in the 
axons of nerves. 

10 - vitamin E 




W aste products are produced during digestion and metabolism. Some of the vvaste 

products ean ieave the body via the respiratory system (such as earbon dioxide), and 
some ean ieave via the large intestine in the form of solid vvaste (feees). Some of the 
vvaste products leave via the urinary system in the form of liquid vvaste. The primary ftjnetion of 
the urinary system is to get rid of liquid vvaste, but the kidneys have more ftjnetions than just 
vvaste removal. 

The Functions and Structures 
of the Llrinary System 

The kidneys perform numerous fijnetions. Most people are familiar vvith the faet that the kidneys 
are involved in the removal of liquid vvaste. Gonsider the follovving fijnetions of the urinary system: 

□ Gets rid of liquid vvaste. 

□ Regulates blood volume and therefore blood pressure via the aetion of ADH and ANP and 
Aldosterone. 

□ Regulates blood pH by removing hydrogen ions 
□ Causes the formation of erythroeytes via the aetion of EPO. 

□ Prevents dehydration. 

VVaste products vvill enter into the circulatory system and vvill travel to the kidneys via the renal 
arteiy. Onee inside the Iddneys, the vvaste products vvill enter into numerous tut5ules ealled 
nephrons. The nephrons vvill “proeess” the vvaste and vvill send the vvaste to the tubes that exit the 
Iddneys ealled the left and right nreters. Eaeh ureter vvill transport vvaste products to the nrinary 
bladder. Liquid vvaste ean be stored in the urinary bladder until the appropriate time to void. Llrine 
vvill leave the urinaiy bladder via the single nrethra. Figure 20-1 shovvs the structures of the urinaiy 
system. 
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Figure 20-1: Overall structures of the urinary system. 

Example Problems 

Use the information in this seetion to ansvver the foilovving questions. 

1. VVhat is the name for structure a? 
answer: kidney (left kidney) 

2. VVhat is the name for structure b? 
answer: ureter (ieft ureter) 

3. VVhat is the name for structure e? 
answer: urinary bladder 

4. VVhat is the name for structure d? 


answer: urethra 
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The Internal Structures of the Kidney 

The main ftjnetioning units of the kidney are the numerous tubules ealled nephrons. VVaste 
products enter into the kidney via the renal artery. From there, the vvaste enters into several 
smaller blood vessels ultimately leading to small eapillaries ealled the glomenilar eapillaries. 
VVaste products are foreed (due to blood pressure) out of the eapillaries and into the first part of 
the nephron ealled the glomerular capsule (formerly ealled Bovvman’s capsule). VVaste products 
vvill then enter into a eoiled tube of the nephron ealled the proximal convoluted tubule (PCT). 
The vvaste products vvill continue through the nephron into the nephron loop (formerly ealled 
the loop of Henle). VVaste products vvill continue through to another eoiled tube ealled the distal 
convoluted tubule (DCT). From there, the vvaste vvill enter into the eolleeting duct, vvhieh eol- 
leets vvaste from the DCT of several other nephrons. VVhile passing through all the regions of the 
nephron, the vvaste is being proeessed. VVater is being removed, solutes are being removed and 
added, and so on. From the eolleeting ducts of the kidneys, vvaste vvill eventually leave the kid- 
neys and enter into the ureters. 

The eolleeting duct passes through the renal pyramid region. All of the eolleeting ducts passing 
through a eommon renal pyramid vvill dump vvaste into a minor calyx. VVaste from several 
minor ealyees vvill “dump” into a eommon major calyx. Several major ealyees vvill dump the 
vvaste eolleetively into the renal pelvis region. The renal pelvis leads to the ureter, vvhieh in turn 
leads to the urinaiy bladder. Figure 20-2 illustrates the internal parts of a kidney, and Figure 20-3 
illustrates the parts of a nephron and its assoeiated structures. 


e 
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Figure 20-2: Internal structures of the kidney. 
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Example Problems 

Use the information about the internai structures of the kidney to identify the structures in 
Figure 20-2. 

1. VVhat is the name for structure a? 
ansvver: minor caiyx 

2. VVhat is the name for structure b? 
ansvver: major caiyx 

3. VVhat is the name for structure c? 
ansvver: renai peivis 

4. VVhat is the name for structure d? 
ansvver: ureter 

Example Problems 

Use the information about the nephron to identify the structures in Figure 20-3. 

1. VVhat is the name for structure a? 


ansvver: proximai convoiuted tubule 
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2. VVhat is the name for structure b? 
ansvver: glomerular eapillaries 

3. VVhat is the name for structure e? 
ansvver: glomerular capsule 

4. VVhat is the name for structure d? 
ansvver: nephron loop 

5 . VVhat is the name for structure e? 
ansvver: distal convoluted tubule 

6 . VVhat is the name for structure f? 
ansvver: eolleeting duct or eolleeting tubule 

Work Problems 

1 . Llrine is transported to the urinaiy bladder via what tubes? 

2. The renal artery and vein enter and exit the kidney at a depression ealled the hilus. VVhat 
tube also exits in that same area? 

3. The eolleeting tubules will transport waste from the various nephrons to the minor calyx 
by passing through which structure of the kidney? 

4. The first part of the nephron is ealled the_. 

5 . The main ftjnetional unit of the kidney is ealled the_. 

6 . VVhat is the name of the eapillaries loeated between the afferent arteriole and the efferent 
arteriole? 

7. VVhat is the name of the portion of the nephron that eonneets to the eolleeting duct? 

8 . In order to prevent all the water from leaving the body (and therefore dehydration); a lot 
of the water is put baek into the bloodstream by leaving the nephron and reentering the 
bloodstream. This aetion is due to the hormones such as aldosterone and 

9. Urine is transported out of the nrinaiy bladder and therefore out of the body via vvhieh tube? 

10. VVhieh kidney sits higher in the body? 
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Worked Solutions 

1. ureters 

2. ureters 

3. renal pyramids 

4. glomerular capsule 

5. nephron 

6. glomemlar eapillaries 

7. distal eonvolnted tubule (DCT) 

8. ADH (antidiuretic hormone) 

9. nrethra 

10. left kidney sits hig^er than the right kidney 


Blood Vessels Assoeiated with the Nephron 

A major job of the kidneys, but yet just one of the many jobs, is to get rid of iiquid vvaste. Liquid 
vvaste enters the kidneys via the renai artery. From there, the vvaste traveis through a series of 
biood vesseis ieading to the giomeruiar eapiiiaries. 

The biood vessei previous to the giomeruiar eapiiiaries is the afferent arteriole. There is a biood 
vessei that ieaves the giomeruiar eapiiiaries, vvhieh is eaiied the efferent arteriole. The efferent 
arterioie ieads to the vasa reeta, vvhieh is a series of biood vesseis that ioop around the entire 
nephron (for simpiieity, the vasa reeta is not shovvn vvrapping around the nephron). The vasa 
reeta ieads uitimateiy to the renai vein. The renai vein enters into the inferior vena eava, vvhieh 
takes biood baek to the right atrium of the heart. Figure 20-4 iilustrates the blood vessels assoei- 
ated vvith the nephron. 


Efferent arteriole 



Figure 20-4: Blood vessels and the nephron. 
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Function of the Nephron 

Figures 20-5, 20-6, and 20-7 illustrate how a nephron works. A major ftjnetion of the nephron 
is to get rid of liquid waste. Figure 20-5 illustrates how waste products eventually enter into 
the glomerular eapillaries. The waste material will then pass through the various regions of the 
nephron and ultimately pass through the eolleeting tubule, which will send the urine to the 
ureter. The ureter will then send the urine to the urinary bladder. The waste material will leave 
the urinary bladder by exiting via the urethra. 



Figure 20-5: The nephron and waste material. 


VVaste material is produced by the various eells of the body. The blood will piek up the waste 
material. The waste material will eventually arrive at the renal artery. The renal arteiy transports 
the waste to the internal regions of the kidney where it eventually forms the afferent arteriole. 
Due to blood pressure, the waste products are literally foreed out of the glomerular eapillaries 
and into the glomerular capsule. To help ereate the blood pressure needed to foree waste into 
the glomerular capsule, the efferent arteriole has a smaller diameter than the afferent arteriole. 
The dark arrows represent the faet that the majority of the waste material will pass through the 
nephron to eventually exit the body. Notiee that the efferent arteriole has a dotted line. This 
represents the faet that not all of the waste that enters the glomerular eapillaries is foreed into 
glomerular capsule. Some of the waste stays in the circulatory system. This is a small amount, 
however. This small amount of waste material flows in the efferent arteriole and then into the 
vasa reeta. The vasa reeta eventually leads to the renal vein and then to the inferior vena eava. 
Therefore, the renal artery transports a lot of waste into the kidney and the renal vein transports 
just a small amount of waste out of the kidney. 

Figure 20-6 illustrates how water passes through the nephron. One ftjnetion of the kidneys is to 
prevent dehydration. The plasma of blood eonsists of about 92% water. There is a lot of water 
entering into the nephron. If all this water were to leave the kidneys, we would be very dehy- 
drated. There is approximately 50 gallons of water entering into the kidneys every day! If we lost 
50 gallons of water per day, we would be severely dehydrated. The Iddneys are very effieient at 
preventing dehydration. 
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Figure 20-6: The nephron and water. 

VVater enters into the afferent arteriole. This vvater enters into the giomerular eapillaries and is 
foreed into the first part of the nephron (the glomernlar eapsnle). To prevent all of this vvater 
from leaving the kidneys, some of it enters into the vasa reeta. The dark, bold arrovvs in the vasa 
reeta represent the faet that there is a large amount of vvater leaving the nephron and entering 
into the vasa reeta. In faet, about 99% of the vvater enters into the vasa reeta and therefore stays 
in the body. Only about 1 % of the vvater actually exits the body. The antidiuretic hormone (ADH) 
causes the vvater to leave the nephron and enter into the vasa reeta. 

Figure 20-7 illustrates the faet that blood should not appear in the urine, because blood eannot 
enter the glomerular capsule under normal eonditions. If blood is found in the urine, this means 
that blood has either entered into the nephron, the ureters, or the urethra. If blood enters the 
nephron, it is typieally due to a baeterial infeetion that has damaged the lining of the glomerular 
capsule. 

In Figure 20-7, notiee that the blood does not enter the glomerular capsule. Therefore, all the 
blood that has entered the glomerular eapillaries vvill eventually enter into the vasa reeta and 
then into the renal vein. From the renal vein, the blood vvill enter the inferior vena eava and 
return to the heart. 
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To the toilet 


Example Problems 

Use the information in Fignres 20-5, 20-6, and 20-7 to ansvver the foilovving questions. 

1. In order to prevent dehydration, vvater in the nephron vvill leave the nephron and enter 

into the_. 

answer: vasa reeta 

2. VVhieh eontains “eleaner” blood; the afferent arteriole or the efferent arteriole? 

answer: efferent arteriole; the majority of the vvaste is foreed into the glomernlar eapsnle 
before entering the efferent arteriole. 

3. VVhieh eontains a greater amount of vvaste; the afferent arteriole or the vasa reeta? 
answer: afferent arteriole 

4. If there vvere 100 eiythroeytes in the afferent arteriole, under normal eonditions, hovv 
many erythroeytes vvouId there be in the efferent arteriole? 

answer: 100. Erythroeytes should not leave the circulatory system 

5. The vasa reeta eventually leads to the renal vein. The renal vein leads to the 


answer: inferior vena eava (IVC) 
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The Llrinary Bladder 

The ftjnetion of the urinary biadder is to store iiquid vvaste untii it is time to void. Llrine ieaving 
the kidneys wiii enter the urinary biadder via the ureters. The urinary biadder filis at a rate of 
about 80 mL per hour. As urine enters the urinary biadder, the urinary biadder begins to streteh. 
VVhen the urinary biadder reaehes a voiume of 200 mL, it has stretehed enough to trigger a 
signai giving a person the initiai urge to go to the bathroom. However, this is not a very strong 
urge. The urinary biadder continues to fiii. The urine stays eontained in the urinary biadder 
because at the base of the urinary biadder, which is at the entranee of the urethra, there is a 
sphineter eaiied the internal nrethral sphineter. This sphineter eonsists of smooth muscie and 
is therefore under invoiuntaiy eontroi. When the urinary biadder voiume reaehes about 500 mL, 
the pressure from this voiume causes the internai sphineter to open. Llrine wiii now enter the 
urethra. About 2 em distai in the urethra is another sphineter. This one is eaiied the external 
nrethral sphlneter. This sphineter is made of skeietai muscie and is, therefore, under voiuntary 
eontroi. The eontroi of this sphineter keeps the urine from exiting the urethra untii the appropri- 
ate time arrives. If we stiii have not voided, the urinary biadder continues to fiii and streteh. The 
urge to void is getting stronger. When the urinary biadder fliis to about 800 mL, the pressure is 
too great even for the externai urethrai sphineter. This sphineter wiii now open whether it is the 
appropriate time or not. It is the externai urethrai sphineter that iittie ehildren iearn to eontroi 
during potty training. 


Work Problems 

1 . When approximateiy_mL of urine enters the urinary biadder, the urinary 

biadder wiii streteh enough to give the initiai urge to go to the bathroom. 

2. We do not have voiuntaiy eontroi over which urethrai sphineter, even as aduits? 

3 . As infants, we do not have voiuntaiy eontroi over either of the urethrai sphineters. 
However, as we age, we eventuaiiy learn to eontroi which urethrai sphineter? 

4. If 50 gaiions of flitrate enter the kidneys per day, how much is actuaiiy iost to the toiiet? 

5. A iaek of ADH wouid cause the kidneys to put excess water into the_ 

(vasa reeta or eoiieeting tubuie). 

6 . What part of the nephron is invoived in flltration? 

7. Materiai too iarge to enter into the glomeruiar capsule will enter into which blood vessel? 

8 . The eolleeting ducts pass through which part of the kidney? 

9. Hematuria is a term that refers to_. 

10 . The main ftjnetioning unit of the kidney is the_. 


Worked Solotions 

1. 200 


2. internal nrethral sphineter 
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3. external nrethral sphineter 

4. 50 X 0.01 = 0.5 gallons 

5. eolleeting tubule 

6. glomerular capsule 

7. efferent arteriole 

8. renal pyramid 

9. blood in the urine 

10. nephron 

Other Functions of the Kidneys 

The main function of the kidney is the removal of vvaste. This seetion discusses some of the other 
functions of the kidneys. Table 20-1 lists a few seleet fijnetions of the kidneys, and Table 20-2 
discusses some of the responses performed by the kidneys. 


Table 20-1 Additional Functions of the Kidneys 

Function 

Bríef Discussion 

Balandng body fluids 

Water moves baek and forth aeross the eell membranes. If the kidneys were 
to excrete excess water, this would result in less fluid in the blood. In order 
to maintain fluid level in the blood, the eells would lose water to the blood. 
The eells would then dehydrate. 

Eleetrolyte balanee 

Eleetrolytes are substances that produce ions such as when NaCI ionizes to 
form Na" and d". These ions are often referred to as minerals. If the kid- 
neys were to lose too many minerals (ions) this would cause the blood- 
stream to be hypotonie. This osmotie situation would cause the eells to lose 
water to the bloodstream thus resulting in dehydration. 

Add-base balanee 

Due to cellular metabolism, the body is always producing GO^. This GO^ al- 
ways binds to water thus producing earbonie aeid, which will ionize to form 
hydrogen ions, which have aeidie eharaeteristies. The kidneys will excrete 
some of the hydrogen ions to help balanee the pH. Therefore, urine pH is 
typieally aeidie. 

Balanees blood pressure 

The loss of water via the kidneys will lower the blood pressure. Therefore, the 
retention of water via the kidneys will raise the blood pressure. The balanee 
between water loss and retention will result in a balaneed blood pressure 
value. 

Formation of erythroeytes 

The iuxtamedullary eells of the kidneys release erythropoietin upon detee- 
tion of low oxygen eontent in the blood. EPO will target the bone marrow 
and begin the proeess of making more erythroeytes in an effort to raise the 
oxygen level arriving at the kidney eells. 
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Table 20-2 Kidney Responses 

Response Aetìon 

Bríef Disenssion 

Erythropoiesis 

The iuxtamedullary eells of the kidneys respond to a laek of oxygen by 
releasing erythropoietin. EPO eventually causes the bone marrow eells to 
begin producing erythroeytes. 

Renin/angiotensin system 

In response to low blood pressure, the iuxtamedullary eells also release 
rennin. Renin aetivates angiotensin II. Angiotensin II causes vasoeonstrietion, 
which inereases blood pressure. Angiotensin II also stimulates the release 
of ADH and aldosterone. ADH and aldosterone eventually result in the 
retention of water, and thus raises blood pressure. 

Aldosterone 

Aldosterone causes the release of sodium ions from the nephron to the 
vasa reeta. The vasa reeta inereases in solute, which ereates a hypertonie 
region. Water will then leave the nephron and enter into the vasa reeta, 
thereby raising blood volume and ultimately blood pressure. 

Antidioretie hormone 

ADH is released from the hypothalamus due to a fall in blood pressure. 

ADH causes the nephron to put water into the vasa reeta. This inereases 
blood volume and ultimately blood pressure. 

Atrial natrioretie peptide 

ANP is released from atrial eells of the heart in response to an inerease in 
blood volume. ANP targets the nephron and causes the nephron to retain 
sodium ions. This causes the nephron to beeome hypertonie to the vasa 
reeta. Water will leave the vasa reeta and enter the nephron. As water leaves 
the vasa reeta, volume is lost and, therefore, blood pressure begins to drop. 


Example Problems 

1. What eells of the kidney respond to low blood pressure?_ 

answer: juxtamedullary eells 

2. The antidiuretic hormone is released when the eells of the hypothalamus begin to lose 
water. What else causes the release of the antidiuretic hormone? 

answer: angiotensin II 

3. When the juxtamedullary eells of the kidneys deteet adequate amounts of oxygen, the 
release of erythropoietin will (inerease or deerease). 

answer: deerease. EPO is released only when the oxygen level deereases. 

4. Aldosterone will cause the vasa reeta to beeome_and 

the nephron to beeome_. (Use osmotie terms to fill in 

the blanks). 

answer: hypertonie; hypotonie 

5. Urine typieally has a pH around 6.0 because the kidneys urinate_ions. 

answer: hydrogen 
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ehapter Problems and Solutions 

Problems 

1. The urinaiy bladder will fill approximately 80 mL per hour. Approximately how many 
hours would pass before the original urge to go to the bathroom occurs? 

2. Atrial natriuretic peptide is released when blood pressure is (high or low). 

3 . Antidiuretic hormone is released when blood pressure is (high or low). 

4. As urine fiows out of the kidneys and is transported to the urinary bladder, it travels 
through what tubes? 

5 . The depression where the renal artery enters the kidneys and the renal vein and ureters 

exit the kidneys is ealled the_. 

6 . Material in the glomerular capsule will enter the_next. 

7. If 200 mL of water enters the nephron, how many mL will normally be put baek into the 
vasa reeta? 

8 . A rise in earbon dioxide will cause the blood pH to (rise or fall)_. 

9. VVhat is the name of the eapillaries that surround the nephron? 

10. Put the following terms in proper sequence regarding the fiow of urine through the 

kidney and to the toilet: minor calyx, eolleeting duct, ureter, major calyx, urethra, urinary 
bladder, renal pelvis 


Ansvvers and Solutions 

1. 2.5 hours. The urinaiy bladder fills at a rate of 80 mL per hour and it takes approximately 
200 mL to give the original urge; therefore, 200 mL divided by 80 mL per hour = 2.5 hours. 

2. high. ANP ultimately causes the kidneys to put water into the circulatory system. 

3. low. ADH ultimately causes the kidneys to retain water, thereby bringing blood pressure 
down to normal. 

4. ureters 

5. hilus 

6. proximai convoiuteci tubuie (PCT) 

7. 99% is reabsorbeei into the vasa reeta. Therefore, 99% of 200 mL = 198 mL 

8. faii (beeomes too aeieiie) 

9. vasa reeta 

10. eoiieeting ciuct, minor caiyx, major caiyx, renai peivis, ureter, urinary biaeieier, nrethra 
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Supplemental Ghapter Problems 

Problems 

1. Red blood eells in the glomerular eapillaries will enter the_ 

next. 

2. A drastie drop in blood pressure at the glomerular eapillary region will (inerease or 
deerease) the amount of waste entering the glomerular capsule. 

3. VVhen a person holds their breath, will the blood pH go up or down? 

4. As we age, we could lose eontrol over which urethral sphineter? 

5. Having low blood pressure could affeet the effieieney of the kidneys because the 
glomerular eapillaries may put (excess or not enough) waste material into the glomerular 
capsule. 

6 . Having ehronie high blood pressure could affeet the effieieney of the kidneys because the 
glomerular eapillaries may put (excess or not enough) material, into the glomerular 
capsule. 

7. eystitis is an infiammation of which of the urinaiy structures? 

8 . VVhat is the medieal term that refers to painftji urination? 

9. Having excess glucose in the urine is ealled_. 

10. An obstruction in the glomerular eapillaries will affeet the fiow of blood into the 


Ansvvers 

1. efferent arteriole 

2 . deerease 

3. down. Holding the breath will inerease earbon dioxide in the blood (GOz plus water 
produces H^). 

4. external 

5. not enough 

6 . excess 

7. urinaiy bladder 

8 . dysuria 

9. glycosuria 

10. efferent arteriole 




The Reprocluctíve System 


M ost systems of the body require other systems for homeostasis. For example, in order 

for the respiratory system to ftjnetion properly, a portion of the muscular system is re- 
quired. The muscles are needed to inhale and exhale. The urinary system relies on the 
circulatory system. The circulatoiy system transports vvaste to the urinary system. There aren’t 
any systems of the body that require the assistanee of the reproductive system; hovvever, the 
reproductive system requires the assistanee of all other systems of the body. The reproductive 
system needs nutrients from the digestive system, the eells of the reproductive system need 
oxygen from the respiratory system, and so on. This ehapter discusses hovv the reproductive 
system is involved in perpetuating the speeies. 

The Male Reproductive System 
and Sperm Cells 

Folliele stimulating hormone (from the adenohypophysis—anterior pituitary gland) targets the 
seminiferous tubules inside the testes and initiates sperm production. Sperm eells leave the sem- 
iniferous tubules and travel to the epididymis. From the epididymis, the sperm eells enter the 
ductus deferens (also knovvn as the vas deferens). The ductus deferens is a long tube that trans- 
ports the sperms eells to the efaenlatory duct that enters into the prostate gland. The ejacula- 
tory duct eonneets to the penile nrethra that vvill transport the sperm out of the penis. Figure 
21-1 illustrates the male reproductive structures discussed in this paragraph. 



Figure 21-1: Male reproductive structures. 
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Example Pmblems 

Use the information in the preeeding paragraph to ansvver the foliovving questions regarding 
Figure 21-1. 

1. What is the name for structure a? 
answer: ductus deferens 

2. What is the name for structure b? 
answer: peniie urethra 

3. What is the name for structure e? 
answer: epididymis 

4. What is the name for structure d? 
answer: ejaculatory duct 

5. What is the name for structure e? 
answer: prostate gland 

6 . What is the name for structure f ? 

answer: testis vvith the seminiferous tubules inside 


The Three Glands of the Male Reproductive System 

As the sperm eells travel through the male’s body, they encounter three major glands. As 
the sperms eells are traveling in the ductus deferens, they svvim past the first gland ealled the 
seminal vesiele. The seminal vesieles provide semen that eontains fructose that is neeessary for 
sperm survival. The semen (vvith fructose) from the seminal vesiele vvill enter the pathvvay of 
sperm eells by entering into the ejaculatory duct. The sperm eells continue to enter into the 
penile urethra and pass through the seeond gland ealled the prostate gland. The prostate gland 
surrounds the urethra as it leaves the urinary bladder and enters into the penis (penile urethra). 
The prostate gland also provides semen but this semen is slightly aeidie. The sperm eells continue 
to pass through the penile urethra and vvill pass by the third gland ealled the bnlbonrethral 
gland. The bulbourethral gland ejeets its slightly alkaline semen into the pathvvay of the sperm 
eells as they are svvimming through the penile urethra. 

The male vvill ejaculate about 200 million to 600 million sperm eells per ejaculate. The male also 
ejaculates about 2-5 mL of semen. Figure 21-2 illustrates the three glands of the male reproduc- 
tive system. 
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Figure 21-2: The aeeessory glands of reprodoetion. 


Example Problems 

Use the information in the previons paragraph to ansvver the foiiovving questions regarding 
Figure 21-2. 

1. VVhat is the name for structure a? 
ansvver: seminai vesieie giand 

2. VVhat is the name for structure b? 
ansvver: prostate giand 

3. VVhat is the name for structure e? 
ansvver: buibourethrai giand 

Structure of Sperm Gells 

A sperm eeii is made of the head and a taii eaiied the flagellnm. The flageiium moves in such a 
manner to propei the sperm eeiis through the maie’s reproductive system. The head of the 
sperm eeiis eonsists of a eap eaiied the aerosomal eap. This eap eonsists of an enzyme eaiied 
hyalnronidase. This enzyme is neeessary to deeompose the ceiiuiar barrier of the egg to aiiovv for 
penetration of the sperm into the egg. Onee the sperm has entered the egg, the egg is fertiiized. 


Hormones and Nerves Assoeiated with the 
Male Reproductive System 

The folliele stimnlating hormone (from the adenohypophysis—^anterior pituitary giand) vviii tar- 
get the seminiferous tubuies to begin the formation of sperm eeiis. The Inteinizing hormone (aiso 
from the adenohypophysis) vviii target speeifìe eeiis vvithin the testes eaiied the interstitiai eeiis. 
This hormone vvili cause the interstitiai eeiis to reiease testosterone. Testosterone vviii target other 
eeiis of the body to ereate the seeondaiy sex eharaeteristies of maies. 
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A parasympathetie nerve causes ereetion of the penis. A sympathetie nerve causes ejacuiation 
of semen from the various giands and the ejacuiation of sperm and semen from the penis. The 
sympathetie nerves aiso cause peristaisis of the ductus deferens to heip propei the sperm eeiis 
through the tube. 


Work Problems 

1. Due to the aetion of the_, sperm eeiis wiii 

begin to form in the seminiferous tubuies. 

2. The sperm eeiis wiii ieave the seminiferous tubuies and enter into the_. 

3. Sperm eeiis wiii travei through the_to enter into the 

ejacuiatory duct. 

4. Semen from the_wiii enter into the ejacuiatory 

duct and provide the sperm eeiis with fructose. 

5. The urethra from the urinaiy biadder is joined by the ejacuiatory duct and wiii pass 

through the_giand before entering the penis. 

6 . As the sperm eeiis exit the prostate region, they swim past a smaii giand eaiied the 
_giand and wiii enter into the peniie urethra. 

7. The_nerve wiii cause an ereetion and the 

_nerve wiii cause ejacuiation. 

8. The_hormone wiii cause the deveiopment of sperm 

eeiis and the_hormone wiii uitimateiy cause the reiease 

of testosterone. 

9. Hyaiuronidase is an enzyme found in the head region of the sperm eeii eaiied the 


10. VVhat is the speeifie part of the testes that produces sperm eeiis? 


Worked Solotions 

1. folliele stimulating hormone 

2. epidieiymis 

3. ductus deferens 

4. seminal vesiele 

5. prostate 
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6 bulbourethral 

7. parasympathetie; sympathetie 

8. foiiieie stimuiating; iuteinizing 

9. aerosomai eap 

10. seminiferons tubuies 

The Female Reproductive System 
and Egg Cells 

At the time of birth, the female’s ovaries already eonsist of immature egg eells. At puberty, the 
folliele stimulating hormone (from the adenohypophysis) will target the ovaries and cause the 
immature eggs to mature. There will then be a surge of luteinizing hormone (from the adeno- 
hypophysis) that will cause a mature egg to ovulate. This egg will leave the folliele it is in and 
enter into the uterine tube. The egg does not have any means of loeomotion like the sperm eells 
have. Therefore, the egg relies on the eilia inside the uterine tube to move it along the length of 
the tube. 

If the egg is not fertilized, it will begin to deeompose about two days after ovulation. If it is fertil- 
ized, the egg will continue to travel down the uterine tube and will bury itself in the endometrial 
lining of the uterus. 

The uterus itself is made of an inner lining ealled the endometrium and a muscular portion ealled 
the myometrium. The egg buries itself in the endometrial lining and continues to develop. The 
myometrium is made of smooth muscle and causes uterine eontraetions during ehildbirth. 


Sperm Cells Fertilizing the Egg 

Sperm eells will exit the male’s penis and pass throngh the cervix of the uterus. The sperm eells 
will swim through the body of the uterus and will enter into the uterine tubes. They will swim 
the length of the uterine tubes until they eome in eontaet with an egg. The sperm eells will bind 
to the outer eells of the egg. 

As the egg is ovulated and, therefore, leaving the ovarian folliele, it beeomes surrounded by a 
cluster of eells ealled the eorona radiata. These eells provide proteetion for the egg. Therefore, 
the sperm eells have to break down eells of the eorona radiata in order to penetrate the egg and 
thereby fertilizing it. 

Eaeh sperm eell binds to the egg and begins to release its stored hyaluronidase. The hyaluronidase 
will begin to deeompose the proteetive layer of the egg. Onee the proteetive layer deeomposes, a 
sperm eell ean enter and fertilize the egg. 

In order for successful fertilization to occur, the sperm eells need to “fìnd” the egg in the distal 
two-thirds of the uterine tube. Figure 21-3 shows a frontal view of the uterus and the uterine 
tubes. The large dot in the right uterine tube represents the ovulated egg. The dotted arrows 
represent the pathway of sperm eells swimming to fertilize the egg. 
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Uterìne tube 


Ovary 


Figure 21-3: Frontal view of the uterus. 


The Fertilized Egg 

The fertilized egg is eaiied a zygote. The zygote wiii continue its journey in the uterine tube on its 
way to the inside iining of the uterus eaiied the endometrium. The endometrium has thiekened in 
preparation of the zygote. The zygote wiii eventuaiiy embed itseif into the endometrium and eon- 
tinue to deveiop. Figure 21-4 shows the travei of the zygote and its eventuai embedding into the 
endometriai lining. 



Figure 21-4: Embedding into the endometrial lining. 
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Example Problems 

1 - Sperm eells do not fertilize the egg in the body of the uterus. They fertilize the egg in the 
ansvver: distal 2/3 of the uterine tube 

2. The inside lining of the uterus is eailed the_. 

ansvver: endometrium 

3. The muscuiar portion of the uterus that is involved in labor eontraetions is the 
ansvver: myometrium 

4. VVhat is the name of the enzyme neeessary to break down the egg barrier? 
ansvver: hyaiuronidase 

5. VVhat is the name of the eeils that provide proteetion and therefore aet as a barrier for the 
egg eeils? 

ansvver: eorona radiata 


Hormones Assoeiated with the Female Reproductive System 

At puberty, the folliele stimnlating hormone (from the adenohypophysis), aiso ealled FSH, wili tar- 
get the ovaries and cause the immature eggs to mature. The Inteinizing hormone (from the ade- 
nohypophysis) will cause a mature egg to ovulate. The luteinizing hormone causes the folliele that 
has the egg to rupture. This ruptured folliele is ealled a eorpns luteum. The corpus luteum now 
releases progesterone and estrogen. Progesterone will target the endometrial eells of the uterus. 
This hormone will cause the endometrial lining to thieken in preparation for a fertilized egg. 

The zygote itself produces a hormone. This hormone is ealled human ehorionie gonaeiotropin. 
This hormone will target the corpus luteum to ensure that it will continue to produce proges- 
terone. High levels of progesterone are neeessary to maintain a thiek endometrial lining for the 
survival of the zygote. The buried zygote will eventually produce a plaeenta. The plaeenta itself 
will produce progesterone. This progesterone also targets the endometrial lining. Extremely 
high levels of progesterone also target the adenohypophysis and has the ftjnetion to “turn off’ 
the release of folliele stimulating hormone. This is why (during pregnaney) a woman eannot pro- 
duce and release a seeond egg. 


Work Problems 

1. What hormone is involved in causing the development of a mature egg? 

2. What hormone is involved in ovulation? 

3- When an egg beeomes fertilized, it is ealled a_. 

4- After the egg is fertilized, it will eventually travel to and embed itself into the 
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5. VVhat structure of the ovaries releases progesterone?_ 

6 . Progesterone targets the_and extremely high levels 

will target the_. 

7. How does the fertilized egg travel to the endometrial lining? 

8 . A ruptured folliele is ealled a_and it releases 

9. VVhat hormone ensures that the corpus luteum will continue to maintain high levels of 
progesterone? 

10. Successful fertilization of the egg occurs in which female reproductive structure? 


Worked Solutions 

1. folliele stimulating hormone 

2. Iuteinizing hormone 

3. zygote 

4. endometrial lining 

5. eorpns luteum 

6. endometrial lining; adenohypophysis 

7. The fertilized egg travels via the aetion of eilia lining the nterine tubes. 

8. corpus luteum; progesterone 

9. human ehorionie gonadotropin 

10. nterine tiibe (distal of the nterine tiibe) 

General Reproductive System Information 

Table 21-1 lists some seleet information regarding the male and female reproductive system. 
The information is briefly discussed as a summary of the reproductive systems. 


Table 21-1 Seleet Information Regarding the Reproductive System 

Seleet Topìe 

Discussion 

Pregnanq^ test 

The presenee of HCG (human ehorionie gonadotropin) is an indieation of preg- 
nanq^. If HCG is present, that means a zygote is present. If a zygote is present, 
the person is indeed pregnant. 

Meiosis 

This is the spedal type of eell reproduction that is involved in the development 
of sperm eells and egg eells. These eells are ealled gametes. Only gametes are 
involved with meiosis. 
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Seleet Topìe 

Dìscussìon 

Spermatogenesis 

This is the proeess of meiosis that develops sperm eells. 

Oogenesis 

This is the proeess of meiosis that develops egg eells. 

Vaseetomy 

This is the proeess of cutting the ductus deferens tubes (vas deferens). Sperm is 
still produced in the seminiferous tubules but eannot travel very far in the ductus 
deferens. Sperm eells therefore eannot eome in eontaet with the egg. The male 
will still be able to ejaeolate semen however. 

Tubal ligation 

This is the proeess of cutting the uterine tubes. The female will still produce and 
ovulate eggs. The eggs eannot travel very far in the uterine tube and therefore 
will not eome in eontaet with sperm eells. 

Menstruation 

A deerease in progesterone will ultimately result in the loss of the thiekened por- 
tion of the endometrium. Progesterone will begin to deerease when the corpus 
luteum eeases progesterone production. The corpus luteum will stop producing 
progesterone after about 10 days if the person does not develop a zygote. 

Menopause 

This is the time period when the adenohypophysis no longer produces the folliele 
stimulating hormone. Without FSH, an egg will not develop. 


ehapter Problems and Solutions 

Problems 

1. Mitosis is the type of eell reprodoetion that involves most eells of the body._is 

the type of eell reproduction that involves the formation of the gametes. 

2. True or false: Sperm eells enter into the seminal vesiele gland and then enter into the 

ejaculatory duct._ 

3. Spermatogenesis occurs in the_. 

4. Oogenesis occurs in the_. 

5. VVhat hormone causes the release of testosterone? 

6 . After a male has a vaseetomy, he ean still ejaculate material. VVhat is he ejaculating? 

7. The onset of menstruation is due to a deerease in what hormone? 

8 . The onset of menopause is due to a deeline in what hormone? 

9. During pregnaney, the woman typieally does not produce another egg. This is due to the 

excessively high production of_, which will inhibit the 

production of the folliele stimnlating hormone. 

10. VVhat is the name of the gland that aetnally surrounds the urethra in the male reproductive 
system? 

















CliffsStudySolver Anatomy & Physiology 


344 

Ansvvers and Solutions 

1. Meiosis 

2. faise. Sperm eells swim past the gland; they do not enter it. 

3. seminiferous tubuies 

4. ovaries 

5. iuteinizing hormone 

6. He is efaeniating semen, not sperm eeiis. 

7. progesterone 

8. foiiieie stimniating hormone 

9. progesterone 

10. prostate gianei 

Supplemental Ghapter Problems 

Problems 

1. If the male produces 5 mL of semen and 500 million sperm eells, how many sperm eells 
are there per mL? 

2. VVhieh is pleural; testes or testis? 

3. In the world of anatomy, anatomists are trying to get rid of anatomieal structures that 
have a person’s name. Therefore, the Aehilles’ heel is now ealled the ealeaneal tendon. 

In referenee to the reproductive system, what is the eorreet anatomieal name for the 
formerly named Fallopian tubes? 

4. True or false: After a vaseetomy, the male will not be able to develop an ereetion. 

5. True or false: Tubal ligation prevents egg production and ovulation. 

6 . The male gamete is the_. 

7. What organs are involved in the production of semen? 

8 . The nucleus of human eells eonsists of 46 ehromosomes. The proeess of meiosis will make it 

so the eombination of a sperm eell with an egg eell will ereate a total of 46 ehromosomes. 
Therefore, eaeh sperm eell and eaeh egg eell must have_ehromosomes. 
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9. If a patient experiences prostate svvelling, this couId cause a eonstrietion of the 
_, vvhieh makes urination and ejacuIation difficult. 

10. Due to parasympathetie aetion, the blood vessels in the penis vvill (dilate or eonstriet) thus 
resulting in an ereetion. 


Ansvvers 

1 . 100 million per mL 

2 . testes 

3. uterine tubes 

4. false. A vaseetomy is the cutting of the ductus deferens, vvhieh prevents sperm eell travel. 
An ereetion is developed via parasympathetie nerve aetivity. 

5. false. Tubal ligation is the cutting of the uterine tubes. Egg production and ovuIation are 
the result of hormone aetivity. 

6 . sperm eell 

7. seminal vesiele, prostate gland, and buIbourethraI gland 

8 . 23 

9. urethra 
10 . dilate 
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1. How are the hands positioned in the anatomieai position? 

Answer; The hands are at the side of the body with the paims faeing anterior. 

If you answered eorreetly, go to question 4. 

If you answered ineorreetly, go to question 2. 

2. VVhen you discuss a patient, you refer to thumbs as_structures 

eompared to the position of the little finger. 

Answer; lateral 

If you answered eorreetly, go to question 4. 

If you answered ineorreetly, go to question 3. 

3. VVhen you discuss a patient, you refer to the hallux as a_structure 

eompared to the position of the little toe. 

Answer; medial 

If you answered eorreetly, go to question 4. 

If you answered ineorreetly, review “Direetional Terms” on pages 37-38. 

4. VVhat is the anatomieal term that refers to the mouth? 

Answer; Oris 

If you answered eorreetly, go to question 6. 

If you answered ineorreetly, go to question 5. 

5. VVhat is the name of the fìrst part inferior to the oris? 

Answer; Mentis 

If you answered eorreetly, go to question 6. 

If you answered ineorreetly, review “Superficial Landmarks” on page 42. 

6 . The armpit area is ealled the_. 

Answer; axilla 

If you answered eorreetly, go to question 8. 

If you answered ineorreetly, go to question 7. 
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7. The vvrist area is eaiied the_and the ankie area is eaiied 

the_. 

Answer; earpai; tarsai 

If you ansvvered eorreetly, go to question 8. 

If you ansvvered ineorreetly, revievv “Superficial Landmarks” on page 42. 

8 . VVhat is the name of the first part that is inferior to the posterior brachium? 

Answer; Cubital (oleeranon) 

If you ansvvered eorreetly, go to question 10. 

If you ansvvered ineorreetly, go to question 9. 

9. The brachium is loeated_to the antecubital. 

Answer; superior or proximaI 
If you ansvvered eorreetly, go to question 10. 

If you ansvvered ineorreetly, revievv “Superficial Landmarks” on page 42. 

10. Posterior to the knee region is the_. 

Answer; popliteal 

If you ansvvered eorreetly, go to question 12. 

If you ansvvered ineorreetly, go to question 11. 

11. What is the name of the first part that is superior to the sura? 

Answer; Popliteal 

If you ansvvered eorreetly, go to question 12. 

If you ansvvered ineorreetly, revievv “Superficial Landmarks” on page 42. 

12. The area betvveen the right hypoehondriae and the left hypoehondriae is ealled the 

Answer; epigastrie 

If you ansvvered eorreetly, go to question 14. 

Ifyou ansvvered ineorreetly, go to question 13. 

13. The aseending eolon of the large intestine is loeated in the 
_region. 

Answer; right Iumbar 

If you ansvvered eorreetly, go to question 14. 

Ifyou ansvvered ineorreetly, revievv “Abdominopelvie Regions” on page 51. 
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14. The plane that passes through the body and separates it into anterior and posterior 

portions is the_. 

Ansvver: frontai 

If you ansvvered eorreetly, go to question 16. 

Ifyou ansvvered ineorreetly, go to question 15. 

15. The diaphragm muscle actually “divides” the body as a_cut. 

Answer: transverse 

If you ansvvered eorreetly, go to question 16. 

Ifyou ansvvered ineorreetly, revievv “Body Planes” on page 56. 

16. The body responds to baeteria by ereating a fever. This is an example of a 
_feedbaek meehanism. 

Answer: positive 

If you ansvvered eorreetly, go to question 18. 

Ifyou ansvvered ineorreetly, go to question 17. 

17. An experiment vvas done to shovv that a blood vessel that has a diameter of 2 mm vvill 

dilate to 3 mm under eertain eonditions and the eonstriet to 1 mm under other eonditions. 
So, over a 20 minute period of time, the blood vessels could dilate and eonstriet many 
times depending on the eonditions. This is an example of_. 

Answer: negative feedbaek 
If you ansvvered eorreetly, go to question 18. 

If you ansvvered ineorreetly, revievv “Negative Feedbaek Meehanisms” on pages 58-59. 

18. Aeeording to the periodie table, vvhen calcium beeomes an ion it vvill develop vvhat 
eharge? 

Answer: 2+ 

If you ansvvered eorreetly, go to question 20. 

If you ansvvered ineorreetly, go to question 19. 

19. Aeeording to the periodie table, vvhen phosphorus beeomes an ion it vvill develop vvhat 
eharge? 

Answer: 3- 

If you ansvvered eorreetly, go to question 20. 

If you ansvvered ineorreetly, revievv “The Periodie Table” on page 66. 


CliffsStudySolver Anatomy & Physiology 




20. VVhat is the ehemieal symboi for the biearbonate ion? 

Answer: HGOs'" 

If you ansvvered eorreetly, go to question 22. 

If you ansvvered ineorreetly, go to question 21. 

21. What is the ehemieal symbol of the phosphate ion? 

Answer: PO^^' 

If you ansvvered eorreetly, go to question 22. 

If you ansvvered ineorreetly, revievv “lons” on pages 67-69 and “Polyatomie lons” on 
pages 69-71. 

22. A pH of 3 is hovv many times more aeidie than a pH of 11 
Answer: 10,000 

If you ansvvered eorreetly, go to question 24. 

If you ansvvered ineorreetly, go to question 23. 

23. A pH of 8 is hovv many times more basie than a pH of 6? 

Answer: 100 

If you ansvvered eorreetly, go to question 24. 

If you ansvvered ineorreetly, revievv “pH Goneepts” on page 78. 

24. Which eell organelle produces protein? 

Answer: Ribosomes 

If you ansvvered eorreetly, go to question 26. 

If you ansvvered ineorreetly, go to question 25. 

25. The mitoehondria produce_. 

Answer: ATP (adenosine triphosphate) 

If you ansvvered eorreetly, go to question 26. 

If you ansvvered ineorreetly, revievv “The CeII Organelles” on page 83. 

26. What is the moIecuIe that “delivers” a message to the ribosomes telling them to make 
protein? 

Answer: messenger ribonucIeic aeid (mRNA) 

If you ansvvered eorreetly, go to question 28. 

If you ansvvered ineorreetly, go to question 27. 
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27- Transeription occurs_and translation occurs 

Answer: at the DNA molecule; at the ribosomes 

If you ansvvered eorreetly, go to question 28. 

If you ansvvered ineorreetly, revievv “Protein Synthesis” on page 83. 

28. The most abundant molecule that makes up the eell membrane is the 
Answer: phospholipid 

If you ansvvered eorreetly, go to question 30. 

If you ansvvered ineorreetly, go to question 29. 

29. VVhat is the name of the molecule that vvill form a ehannel to allovv material to pass in and 
out of the eell? 

Answer: Protein 

If you ansvvered eorreetly, go to question 30. 

If you ansvvered ineorreetly, revievv “The Cell Membrane” on page 84. 

30. Deseribe a hypertonie ECF. 

Answer: The ECF has a higher eoneentration of solutes than the 1CF has. 

If you ansvvered eorreetly, go to question 34. 

If you ansvvered ineorreetly, go to question 31. 

31. Deseribe a hypotonie ECF. 

Answer: The ECF has a lovver eoneentration of solutes than the 1CF has. 

If you ansvvered eorreetly, go to question 34. 

If you ansvvered ineorreetly, revievv “Osmosis” on pages 85-88. 

32. A eell eontains 30% vvater and the environment (ECF) the eell sits in is hypertonie. In order 
for this statement to be true, the pereentage of solutes in the ECF has to be 

Answer: greater than 70% 

If you ansvvered eorreetly, go to question 34. 

If you ansvvered ineorreetly, go to question 33. 


352 


CliffsStudySolver Anatomy & Physiology 


33. The environment (ECF) a eell sits in eontains 20% solutes and the eell itself is eonsidered to 

be hypertonie. In order for this statement to be true, the pereentage of solutes inside the 
eell has to be_. 

Answer: greater than 20% 

If you ansvvered eorreetly, go to question 34. 

If you ansvvered ineorreetly, revievv “Osmosis” on pages 85-88. 

34. What is the name of the phase of mitosis vvhere the spindle fìbers retraet and therefore 
begin to pull the paired ehromatids apart? 

Answer: Anaphase 

If you ansvvered eorreetly, go to question 36. 

If you ansvvered ineorreetly, go to question 35. 

35. We ean first begin to see the paired ehromatids during vvhieh phase of eell reproduction? 
Answer: Prophase 

If you ansvvered eorreetly, go to question 36. 

If you ansvvered ineorreetly, revievv “Cell Reproduction” on pages 88-89. 

36. The main vvay to identify eardiae eells is to look for 

Answer: interealated dises 

If you ansvvered eorreetly, go to question 38. 

If you ansvvered ineorreetly, go to question 37. 

37. The main vvay to identify eartilage eells is via the presenee of 

Answer: a large lacuna 
If you ansvvered eorreetly, go to question 38. 

If you ansvvered ineorreetly, revievv “The Four Tissue Groups” on pages 95-102. 

38. Which eell type is elassified as having involuntary aetion other than eardiae eells? 

Answer: Smooth muscle eells 

If you ansvvered eorreetly, go to question 40. 

If you ansvvered ineorreetly, go to question 39. 

39. Which type of eells provides us vvith our seeond line of defense? 

Answer: Leukocytes (vvhite blood eells) 

If you ansvvered eorreetly, go to question 40. 

Ifyou ansvvered ineorreetly, revievv “The FourTissue Groups” on pages 95-102. 
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40. VVhieh integumentaiy gland is invoived in aene production? 

Answer: Sebaceous giand 

If you ansvvered eorreetly, go to question 42. 

If you ansvvered ineorreetly, go to question 41 . 

41 . VVhieh integumentaiy gland is involved in eooling the body? 

Answer: Meroerine gland 

If you ansvvered eorreetly, go to question 42. 

If you ansvvered ineorreetly, revievv “Glands” on page 111. 

42. The mastoid proeess is_(direetional term) to the external auditory 

meatus (external acoustic eanal). 

Answer: posterior 

If you ansvvered eorreetly, go to question 46. 

If you ansvvered ineorreetly, go to question 43. 

43. The lateral edge of the sphenoid bone is_(direetional 

term) to the temporal bone. 

Answer: anterior 

If you ansvvered eorreetly, go to question 46. 

If you ansvvered ineorreetly, go to question 44. 

44. The laerimal bone is immediately anterior to the _bone. 

Answer: ethmoid 

If you ansvvered eorreetly, go to question 46. 

If you ansvvered ineorreetly, go to question 45. 

45. VVhat is the name of the bone that makes up the posterior one-third of the roof of the 
mouth? 

Answer: Posterior palatine 
If you ansvvered eorreetly, go to question 46. 

Ifyou ansvvered ineorreetly, revievv “Bones of the Faee” on pages 117-118. 

46. The temporal mandibular joint is made of 

Answer: mandibular fossa of the temporal bone and the mandibular eondyle of the 
mandible 

If you ansvvered eorreetly, go to question 48. 

If you ansvvered ineorreetly, go to question 47. 
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47. The eoronoid proeess of the mandible is_(direetionai term) to the 

mandibuiar eondyie. 

Answer; anterior 

If you ansvvered eorreetly, go to question 48. 

Ifyou ansvvered ineorreetly, revievv “Bones of the Faee” on pages 117-119. 

48. From an inferior vievv, the foramen Iacerum is loeated medial to the foramen 

Answer; ovale 

If you ansvvered eorreetly, go to question 49. 

If you ansvvered ineorreetly, go to question 51. 

49. From an inferior vievv, the earotid eanal is loeated_(direetional 

term) to the foramen spinosum. 

Answer; posterior 

If you ansvvered eorreetly, go to question 50. 

Ifyou ansvvered ineorreetly, revievv “Foramen of the SkuII” on page 120. 

50. VVhat is the name of the vertebra that attaehes to the skull? 

Answer; Atlas (eervieal 1) 

If you ansvvered eorreetly, go to question 52. 

If you ansvvered ineorreetly, go to question 51. 

51. VVe have_thoraeie vertebrae and_Iumbar vertebrae and_eervieal 

vertebrae. 

Answer; 12; 5; 7 

If you ansvvered eorreetly, go to question 52. 

If you ansvvered ineorreetly, revievv “The Vertebral CoIumn” on pages 123-125. 

52. The gienoid eavity (fossa) is a/an_(direetional term) structure on 

the scapula. 

Answer; lateral 

If you ansvvered eorreetly, go to question 56. 

If you ansvvered ineorreetly, go to question 53. 

53. The eondyle lateral to the troehlea of the humerus is the_. 

Answer; capitulum 

If you ansvvered eorreetly, go to question 56. 

If you ansvvered ineorreetly, go to question 54. 
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54. VVhieh bone moves when you pronate the antebrachium? 

Answer: Radius 

If you answered eorreetly, go to question 56. 

If you answered ineorreetly, go to question 55. 

55. Our eIbow bone is actually the_. 

Answer: oleeranon 

If you answered eorreetly, go to question 56. 

If you answered ineorreetly, review “The Peetoral Girdle and Llpper Limbs” on pages 129-131. 

56. The head of the femur sits in the_. 

Answer: acetabulum 

If you answered eorreetly, go to question 58. 

If you answered ineorreetly, go to question 57. 

57. VVhat is the name of the lateral bone of the lower leg? 

Answer: Fibula 

If you answered eorreetly, go to question 58. 

If you answered ineorreetly, review “The Pelvie Girdle and Lower Limbs” on pages 129-131. 

58. Deseribe the loeation of the extensor digitorum. 

Answer: This muscle is loeated on the posterior side of the antebrachium. 

If you answered eorreetly, go to question 60. 

If you answered ineorreetly, go to question 59. 

59. Deseribe the loeation of the bieeps femoris. 

Answer: This muscle is loeated on the posterior side of the femur. 

If you answered eorreetly, go to question 60. 

Ifyou answered ineorreetly, review “Seleet Muscles” on pages 141-150. 

60. During muscle eontraetion, the eross-bridges will extend from the_ 

filaments and attaeh to the_filaments. 

Answer: myosin; aetin 

If you answered eorreetly, go to question 62. 

If you answered ineorreetly, go to question 61. 
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61. VVhieh band of the sareomere eonsists of overiapping myosin and aetin? 

Answer: The “A” band. 

If you ansvvered eorreetly, go to question 62. 

Ifyou ansvvered ineorreetly, revievv “Muscle Structure” on page 150. 

62. Deseribe a depolarized nerve (neuron). 

Answer: This is a neuron that has a fevv positive ions (due to a stimulus of some sort) 
starting to enter the ICF of the neuron. 

If you ansvvered eorreetly, go to question 68. 

If you ansvvered ineorreetly, go to question 63. 

63. Deseribe a nerve (neuron) that is repolarizing. 

Answer: This is a neuron that has started to restore the positive ions from the ICF to the ECF. 

If you ansvvered eorreetly, go to question 68. 

If you ansvvered ineorreetly, go to question 64. 

64. What ion causes the release of neurotransmitters? 

Answer: Calcium ions (Ca *) 

If you ansvvered eorreetly, go to question 68. 

If you ansvvered ineorreetly, go to question 65. 

65. Neurotransmitters are released from the_end of the 

neuron. 

Answer: axon end (presynaptie vesiele) 

If you ansvvered eorreetly, go to question 68. 

If you ansvvered ineorreetly, go to question 66. 

66. A neurotransmitter is deeomposed by an enzyme that eomes from the 

Answer: dendrite 

If you ansvvered eorreetly, go to question 68. 

If you ansvvered ineorreetly, go to question 67. 

67. In order for aeetyleholine to be used again, it must be deeomposed and then reabsorbed 

into the_. 

Answer: presynaptie vesiele 
If you ansvvered eorreetly, go to question 68. 

Ifyou ansvvered ineorreetly, revievv “The Impulse” on pages 156-158. 
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68 . The meteneephalon eonsists of the_. 

Ansvver: cerebellum and pons 

If you ansvvered eorreetly, go to question 70. 

If you ansvvered ineorreetly, go to question 69. 

69. The dieneephalon eonsists of the_. 

Ansvver: thalamus and hypothalamus (the pituitary gland ean also be included in the 
dieneephalon) 

If you ansvvered eorreetly, go to question 70. 

Ifyou ansvvered ineorreetly, revievv “The Brain” on pages 167-174. 

70. VVhieh brain structure “tells” us that vve are thirsty from time to time? 

Ansvver: Hypothalamus 

If you ansvvered eorreetly, go to question 72. 

If you ansvvered ineorreetly, go to question 71. 

71. VVhieh part of the brain gives us the “urge” to cough from time to time? 

Ansvver: Medulla oblongata 

If you ansvvered eorreetly, go to question 72. 

Ifyou ansvvered ineorreetly, revievv “The Brain” on pages 167-174. 

72. Identify the meninges from the brain tissue to the skull. 

Ansvver: Pia mater, subarachnoid, dura mater 

If you ansvvered eorreetly, go to question 74. 

If you ansvvered ineorreetly, go to question 73. 

73. The eerebrospinal fluid is produced by the_and serves to 

help proteet the brain and spinal eord. 

Ansvver: ehoroid plexus 
If you ansvvered eorreetly, go to question 74. 

Ifyou ansvvered ineorreetly, revievv “Proteeting the Gentral Nervous System” on page 179. 

74. VVhieh of the autonomic nerves is involved in pupil dilation? 

Ansvver: Sympathetie 

If you ansvvered eorreetly, go to question 76. 

If you ansvvered ineorreetly, go to question 75. 
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75. VVhieh of the autonomic nerves deereases the heart rate? 

Answer: Parasympathetie 
If you ansvvered eorreetly, go to question 76. 

If you ansvvered ineorreetly, revievv “The Spinal Nerves” on page 186. 

76. The troehlear nerve is eranial nerve number_. 

Answer: IV 

If you ansvvered eorreetly, go to question 78. 

If you ansvvered ineorreetly, go to question 77. 

77. The vagus nerve is eranial nerve number_. 

Answer: X 

If you ansvvered eorreetly, go to question 78. 

If you ansvvered ineorreetly, revievv “The Cranial Nerves” on pages 187-188. 

78. The speeialized eells assoeiated vvith the retina of the eye are ealled 

_and_. 

Answer: rods; eones 

If you ansvvered eorreetly, go to question 80. 

If you ansvvered ineorreetly, go to question 79. 

79. The eells that make up the taste buds are ealled_eells. 

Answer: gustatory 

If you ansvvered eorreetly, go to question 80. 

If you ansvvered ineorreetly, revievv “Introducing the Five Senses” on pages 195-196. 

80. The neurohypophysis releases_and 

Answer: oxytocin and antidiuretic hormone 

If you ansvvered eorreetly, go to question 82. 

If you ansvvered ineorreetly, go to question 81. 

81. VVhat hormone eomes from the adenohypophysis and targets the adrenal cortex? 

Answer: Adrenoeortieotropie Hormone (ACTH) 

If you ansvvered eorreetly, go to question 82. 

If you ansvvered ineorreetly, revievv “The Pituitary Gland” on pages 207-209. 
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82 . The thyroid gland releases_. 

Answer: ealeitonin or thyroxine or triiodothyronine 

If you ansvvered eorreetly, go to question 86. 

If you ansvvered ineorreetly, go to question 83. 

83 . Adrenalin is produced by vvhat gland? 

Answer: Adrenal medulla 

If you ansvvered eorreetly, go to question 86. 

If you ansvvered ineorreetly, go to question 84. 

84 . Eiythropoietin vvill target the_and cause 

Answer: bone marrovv; red blood eell formation 

If you ansvvered eorreetly, go to question 86. 

If you ansvvered ineorreetly, go to question 85. 

85 . The thyroid stimulating hormone eomes from the_and 

targets the_. 

Answer: adenohypophysis; thyroid gland 
If you ansvvered eorreetly, go to question 86. 

If you ansvvered ineorreetly, revievv “Other Endoerine Glands” on pages 209-211. 

86. Identify the hormone that causes the nephrons to lose sodium ions to the toilet? 

Answer: Atrial natriuretic peptide (ANP) 

If you ansvvered eorreetly, go to question 90. 

If you ansvvered ineorreetly, go to question 87. 

87 . If a patient had very little sodium ions in their blood, they vvould produce excess amounts 

of_to bring the sodium ion levels baek to normal. 

Answer: aldosterone 

If you ansvvered eorreetly, go to question 90. 

If you ansvvered ineorreetly, go to question 88. 

88 . A laek of_vvill cause excess glucose in the urine. 

Answer: insulin 

If you ansvvered eorreetly, go to question 90. 

If you ansvvered ineorreetly, go to question 89. 
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89 . A laek of_could result in a deerease in biood caicium 

ieveis. 

Answer; parathormone 
If you ansvvered eorreetly, go to question 90. 

If you ansvvered ineorreetly, revievv “Other Endoerine Glands” on pages 209-211. 

90 . What causes the release of EPO? 

Answer: A deerease in oxygen going to the kidney eells. 

If you ansvvered eorreetly, go to question 94. 

If you ansvvered ineorreetly, go to question 91. 

91 . EPO targets_. 

Answer: bone marrovv 

If you ansvvered eorreetly, go to question 94. 

If you ansvvered ineorreetly, go to question 92. 

92 . Erythroeytes have a lifespan of only 120 days. They do not live very long because they 

have neither_. 

Answer: a nucleus nor any eell organelles 

If you ansvvered eorreetly, go to question 94. 

If you ansvvered ineorreetly, go to question 93. 

93 . What is the main protein moIecuIe found inside an erythroeyte? 

Answer: Hemoglobin 

If you ansvvered eorreetly, go to question 94. 

Ifyou ansvvered ineorreetly, revievv “Red Blood CeIIs” on pages 218-219. 

94 . What is a normal pereent value for neutrophiIs in a non-siek patient? 

Answer: 40% to 60% 

If you ansvvered eorreetly, go to question 96. 

If you ansvvered ineorreetly, go to question 95. 

95 . What is a normal pereent value for eosinophils in a non-siek patient? 

Answer: 3% 

If you ansvvered eorreetly, go to question 96. 

Ifyou ansvvered ineorreetly, revievv “White Blood CeIIs” on pages 219-220. 
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96 VVhat is the name for blood elotting faetor IV? 

Answer: Calcium ions (Ca^^) 

If you ansvvered eorreetly, go to question 98. 

If you ansvvered ineorreetly, go to question 97. 

97 . VVhat is the name for blood elotting faetor VIII? 

Answer: Antihemophiliae faetor 
If you ansvvered eorreetly, go to question 98. 

If you ansvvered ineorreetly, revievv “Platelets and Platelet Response” on pages 221-222. 

98 . People vvith blood type A have aggIutinogen_on their erythroeytes and 

agglutinin_in their plasma. 

Answer: A; b 

Ifyou ansvvered eorreetly, go to question 100. 

If you ansvvered ineorreetly, go to question 99. 

99 . People vvith blood type B have aggIutinogen_on their erythroeytes and 

agglutinin_in their plasma. 

Answer: B; a 

Ifyou ansvvered eorreetly, go to question 100. 

If you ansvvered ineorreetly, revievv “Glyeolipids and Blood Typing” on pages 224-228. 

100 . Is the follovving paeked eell donation safe? Donate type AB to type B? 

Answer: No 

Ifyou ansvvered eorreetly, go to question 104. 

If you ansvvered ineorreetly, go to question 101. 

101 . Is the follovving paeked eell donation safe? Donate type B to type AB? 

Answer: Yes 

Ifyou ansvvered eorreetly, go to question 104. 

If you ansvvered ineorreetly, go to question 102. 

102 . Is the follovving vvhole blood donation safe? Type B to type AB? 

Answer: No 

Ifyou ansvvered eorreetly, go to question 104. 

If you ansvvered ineorreetly, go to question 103. 
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103 . Is the follovving plasma donation safe? Type AB to type B? 

Answer: Yes 

If you ansvvered eorreetly, go to question 104. 

If you ansvvered ineorreetly, revievv “Donating Paeked CeIIs,” “Donating VVhoIe Blood,” and 
“Donating Plasma” on pages 224, 228, and 230. 

104 . People vvith blood type A- have vvhat kind of aggIutinogen/s and agglutinin/s? 

Answer: A aggIutinogens and b agglutinins 

If you ansvvered eorreetly, go to question 106. 

Ifyou ansvvered ineorreetly, go to question 105. 

105 . Peopie vvith blood type AB+ have vvhat kind of aggIutinogen/s and agglutinin/s? 

Answer: A aggIutinogens and B aggIutinogens and D aggIutinogens and no agglutinins. 
If you ansvvered eorreetly, go to question 106. 

If you ansvvered ineorreetly, revievv “The Rh Faetor” on pages 233-235. 

106 . In order for blood to enter into the right ventriele, the blood must pass through the 
_valve. 

Answer: tricuspid 

If you ansvvered eorreetly, go to question 107. 

Ifyou ansvvered ineorreetly, go to question 117. 

107 . Biood in the puImonary trunk eame from vvhieh ehamber of the heart? 

Answer: Right ventriele 
If you ansvvered eorreetly, go to question 108. 

Ifyou ansvvered ineorreetly, revievv “Structures of the Internal Heart” on pages 239-242. 

108 . What does the p vvave of an ECG reeording represent? 

Answer: The p vvave represents atrial depolarization, vvhieh is the travel of the impulse 
from the SA node to the AV node. 

If you ansvvered eorreetly, go to question 110. 

Ifyou ansvvered ineorreetly, go to question 109. 

109 . The iargest bump on an ECG is represented by the letters_and is the 

reeording of vvhieh heart aetivity? 

Answer: QRS; the QRS represents the depolarization of the ventrieles, vvhieh is a 
reeording of the nerve aetivity vvithin the Purkinje fibers. The nerves of the atria are also 
repolarizing at this time. 

If you ansvvered eorreetly, go to question 110. 

If you ansvvered ineorreetly, revievv “The Eleetroeardiogram (ECG)” on pages 245-246. 
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110. Blood in the right subciavian arteiy wiii enter into the_arteiy next. 

Answer: axiilary 

Ifyou answered eorreetly, go to question 112. 

If you answered ineorreetly, go to question 111. 

111. Blood from the braehial arteiy will flow into the_ 

artery next. 

Answer: radial and ulnar 
Ifyou answered eorreetly, go to question 112. 

If you answered ineorreetly, review “Blood Vessels (Arteries)” on pages 247-253. 

112. Blood in the popliteal vein will enter into the_vein next. 

Answer: femoral 

If you answered eorreetly, go to question 114. 

If you answered ineorreetly, go to question 113. 

113. Blood in the right subclavian vein will enter the_vein next. 

Answer: right braehioeephalie 
If you answered eorreetly, go to question 114. 

Ifyou answered ineorreetly, review “Blood Vessels (Veins)” on pages 254-261. 

114 . The glyeolipid assoeiated with erythroeytes is ealled a/an_ 

and the glyeolipid assoeiated with disease causing organisms is ealled a/an 

Answer: agglntinogen; antigen 

If you answered eorreetly, go to question 118. 

If you answered ineorreetly, go to question 115. 

115. VVhat type of lymphoeytes are responsible for producing antibodies? 

Answer: B eells 

If you answered eorreetly, go to question 118. 

If you answered ineorreetly, go to question 116. 

116. VVhen we eome in eontaet with a viral antigen, we develop immunity against that speeifie 

antigen. However, that same viral antigen may attaek us again next year. VVe are immune 
to it because our_will respond immediately. 

Answer: memory B eells 

If you answered eorreetly, go to question 118. 

If you answered ineorreetly, go to question 11 7. 
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117. The reason we beeome siek with the flu a seeond time (and more) is because the seeond 

time was caused by a flu virus that had a different_ 

Answer; antigen 

If you answered eorreetly, go to question 118. 

If you answered ineorreetly, review “The Lymphatie System and Defense” on pages 265-270. 

118. The earina is the point where the_. 

Answer; traehea branehes to form the two primary bronehi 

If you answered eorreetly, go to question 120. 

If you answered ineorreetly, go to question 119. 

119. VVhieh respiratory tubes do not eonsist of any eartilage? 

Answer; The bronehioles laek eartilage. 

If you answered eorreetly, go to question 120. 

If you answered ineorreetly, review “The Respiratory Organs” on page 273. 

120 . If the_tonsil swells it would make breathing through the 

nose very difficult. 

Answer; pharyngeal 

If you answered eorreetly, go to question 122. 

If you answered ineorreetly, go to question 121 . 

121 . The_tonsils are loeated in the nasopharynx region. 

Answer; pharyngeal 

If you answered eorreetly, go to question 122. 

If you answered ineorreetly, review “The Respiratory Organs” on page 274. 

122 . In order to inhale, the diaphragm muscle must move in which direetion? 

Answer; Downward (inferiorly) 

If you answered eorreetly, go to question 124. 

Ifyou answered ineorreetly, go to question 123. 

123 . VVhen the diaphragm muscle is eontraeting, it is moving in which direetion? 

Answer; Downward 

If you answered eorreetly, go to question 124. 

Ifyou answered ineorreetly, review “The Proeess of Inhaling and Exhaling” on page 275. 
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124. If you inerease the air pressure inside your thoraeie eavity, air will 

Answer; go out of the Iungs 

Ifyou answered eorreetly, go to question 126. 

If you answered ineorreetly, go to question 125. 

125. If the outside air pressure is 780 mm Hg, air will enter the Iungs if we 

_the size of our thoraeie eavity to ehange the air pressure 

to_mm Hg. 

Answer: inerease; a value less than 780 mm Hg. 

Ifyou answered eorreetly, go to question 126. 

Ifyou answered ineorreetly, review “The Proeess of Inhaling and Exhaling” on page 275. 

126. VVhat pereentage of the earbon dioxide we produce will eventually form hydrogen ions in 
the red blood eell? 

Answer; 70% 

Ifyou answered eorreetly, go to question 128. 

If you answered ineorreetly, go to question 127. 

127. VVhat pereentage of the earbon dioxide generated is normally exhaled? 

Answer: 23% 

Ifyou answered eorreetly, go to question 128. 

If you answered ineorreetly, review “The ChIoride Shift” on pages 277-279. 

128. If a person is already in the proeess of hyperventilating, their blood pH will 

Answer: go up 

Ifyou answered eorreetly, go to question 130. 

If you answered ineorreetly, go to question 129. 

129. Carbon dioxide binds with water and thus produces_, 

which ionizes and forms_and_. 

Answer: earbonie aeid; hydrogen ions and biearbonate ions 
Ifyou answered eorreetly, go to question 130. 

Ifyou answered ineorreetly, review “Abnormal Breathing” on pages 281-282. 
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130 . Nutrients will pass from the small intestine into the bloodstream by being absorbed 

throngh the_. 

Answer: villi 

If you answered eorreetly, go to question 132. 

If you answered ineorreetly, go to question 131. 

131 . The panereas produces hormones and_. 

Answer: digestive enzymes 
If you answered eorreetly, go to question 132. 

If you answered ineorreetly, review “The Small Intestine” on pages 292-293 and “The Panereas” 
on pages 296-297. 

132 . Identify the digestive enzymes that eome from the panereas and digests protein. 

Answer: Trypsin, ehymotrypsin, and carboxypeptidase 

If you answered eorreetly, go to question 137. 

Ifyou answered ineorreetly, go to question 133. 

133 . Identify the digestive enzyme that eomes from the panereas and digests fat. 

Answer: Lipase 

If you answered eorreetly, go to question 137. 

Ifyou answered ineorreetly, go to question 134. 

134 . Identify an enzyme that is produced by the small intestine and digests protein. 

Answer: Peptidase 

If you answered eorreetly, go to question 137. 

Ifyou answered ineorreetly, go to question 135. 

135 . Identify an enzyme that eomes from the stomaeh and digest material to form amino aeids. 
Answer: Pepsin 

If you answered eorreetly, go to question 137. 

Ifyou answered ineorreetly, go to question 136. 

136 . Identify an enzyme that eomes from the panereas and digests material to form fatty aeids. 
Answer: Lipase 

If you answered eorreetly, go to question 137. 

Ifyou answered ineorreetly, review “Summary of Digestive Enzymes” on page 302. 
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137 . Identify the hormone that will cause the production of bile. 

Answer: Seeretin 

If you answered eorreetly, go to question 142. 

If you answered ineorreetly, go to question 138. 

138 . Identify the hormone that causes the gallbladder to release bile. 

Answer: Cholecystokinin (CCK) 

If you answered eorreetly, go to question 142. 

If you answered ineorreetly, go to question 139. 

139 . Identify the hormone that is responsible for helping the small intestine maintain an 
optimum pH value. 

Answer: Seeretin 

If you answered eorreetly, go to question 142. 

If you answered ineorreetly, go to question 140. 

140 . Identify the hormone that causes the panereas to release buffers. 

Answer: Seeretin 

If you answered eorreetly, go to question 142. 

If you answered ineorreetly, go to question 141. 

141. Identify the hormone that causes the production of stomaeh aeids. 

Answer: Gastrin 

If you answered eorreetly, go to question 142. 

Ifyou answered ineorreetly, review “Hormones of the Digestive System” on page 303. 

142 . Glyeolysis is a series of ehemieal reaetions that occur in the_ 

and the Krebs’ reaetions are a series of ehemieal reaetions that occur in the 

Answer; eytosol of the eell; mitoehondria 

If you ansvvered eorreetly, go to question 145. 

If you ansvvered ineorreetly, go to question 143 

143 . The eonversion of glucose ultimately to pyruvic aeid is knovvn as 
Answer: glyeolysis 

If you answered eorreetly, go to question 145. 

If you answered ineorreetly, go to question 144 
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144 . Basieally, all the food we eat will beeome nutrients and will go to what eell organelle? 
Ansvver: Mitoehondria 

If you answered eorreetly, go to question 145. 

Ifyou answered ineorreetly, review “Metabolism of Garbohydrates” on pages 308-309. 

145 . VVhat are essential amino aeids? 

Answer: Essential amino aeids are the amino aeids that we have to obtain from a good 
diet. The body eannot make these amino aeids. 

If you answered eorreetly, go to question 147. 

If you answered ineorreetly, go to question 146. 

146 . What are nonessential amino aeids? 

Answer: Nonessential amino aeids are the amino aeids that the body ean produce. It is 
NOT essential to get these from the diet. 

If you answered eorreetly, go to question 147. 

Ifyou answered ineorreetly, review “Essential and Nonessential Products” on pages 313-314. 

147 . Some of the excess eholesterol that our body encounters will be transported to the liver 

by_. In the liver, this eholesterol will be ineorporated into 


Answer: high density lipoprotein (HDL); bile 

If you answered eorreetly, go to question 149. 

If you answered ineorreetly, go to question 148. 

148 . Why is “good eholesterol” ealled good? 

Answer: “Good eholesterol” is only good because it is the eholesterol that is ultimately 
transported out of the body. 

If you answered eorreetly, go to question 149. 

Ifyou answered ineorreetly, review “Cholesterol and Metabolism” on page 317. 

149 . The_exit the kidneys and the 

_exits the urinary bladder. 

Answer: ureters; urethra 

If you answered eorreetly, go to question 151. 

Ifyou answered ineorreetly, go to question 150. 

150 . Which kidney sits higher in the body than the other kidney? 

Answer: The left is higher than the right. 

If you answered eorreetly, go to question 151. 

Ifyou answered ineorreetly, review “The Functions and Structures of the Llrinary System” on 
page 321. 
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151. VVhat are the major structures that pass through the renal pyramids? 

Answer: Collecting tubules 

Ifyou ansvvered eorreetly, go to question 153. 

Ifyou ansvvered ineorreetly, go to question 152. 

152 . VVater and/or vvaste that are in the eolleeting tubules vvill enter the 
_next. 

Answer: minor calyx (minor ealyees) 

Ifyou ansvvered eorreetly, go to question 153. 

Ifyou ansvvered ineorreetly, revievv “The Internal Structures of the Kidney” on pages 323-324. 

153 . VVhen vve say that the kidneys are putting vvater baek into the blood, they actually are 

putting vvater baek into the_. 

Answer: vasa reeta 

Ifyou ansvvered eorreetly, go to question 155. 

Ifyou ansvvered ineorreetly, go to question 154. 

154 . VVaste products vvill enter into the nephron after being “foreed” out of the 

Answer: glomerular eapillaries 
Ifyou ansvvered eorreetly, go to question 155. 

If you ansvvered ineorreetly, revievv “Blood Vessels Assoeiated vvith the Nephrons” on page 326. 

155 . The aetion of ADH vvill put approximately_% of the vvater baek into the 

bloodstream. 

Answer: 99% 

Ifyou ansvvered eorreetly, go to question 157. 

Ifyou ansvvered ineorreetly, go to question 156. 

156 The main ftjnetioning unit of the kidneys is the_. 

Answer: nephron 

Ifyou ansvvered eorreetly, go to question 157. 

Ifyou ansvvered ineorreetly, revievv “Function of the Nephron” on page 327. 

157 . The sperm eells are produced in speeial tubes inside the testes ealled 

Answer: seminiferous tubules 

Ifyou ansvvered eorreetly, go to question 159. 

Ifyou ansvvered ineorreetly, go to question 158. 
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158 , The tube that transports the sperm from the testes to the penile urethra is eaiied 


Answer; ductus deferens 
Ifyou ansvvered eorreetly, go to question 159. 

If you ansvvered ineorreetly, revievv “The Male Reproductive System and Sperm CeIIs” on 
page 335. 

159 . What hormone causes the corpus Iuteum to continue producing hormones beyond the 
normal 10 day time period? 

Answer: Human ehorionie gonadotropin (HCG) 

If you ansvvered eorreetly, you are finished! CongratuIations. 

Ifyou ansvvered ineorreetly, go to question 160. 

160 . A deerease in vvhat hormone vvill initiate menstruation? 

Answer: Progesterone 

If you ansvvered eorreetly, you are finished! CongratuIations. 

If you ansvvered ineorreetly, go to question 161. 

161 . A ruptured foiliele is ealled a_. 

Answer; corpus Iuteum 

If you ansvvered eorreetly, you are finished! CongratuIations. 

Ifyou ansvvered ineorreetly, go to question 162. 

162 . What hormone/s does the ruptured foiliele produce? 

Answer: Progesterone and estrogen 

If you ansvvered eorreetly, you are finished! CongratuIations. 

Ifyou ansvvered ineorreetly, go to question 163. 

163 . A deerease in vvhat hormone vvill initiate menopause? 

Answer; FoIIiele stimulating hormone 

If you ansvvered eorreetly, you are finished! CongratuIations. 

Ifyou ansvvered ineorreetly, go to question 164. 

164 . The presenee of vvhat hormone indieates pregnaney? 

Answer; Human Chorionic Gonadotropin (hCG) 

If you ansvvered eorreetly, you are finished! CongratuIations. 

If you ansvvered ineorreetly, revievv “Hormones Assoeiated vvith the Female Reproductive 
System” on page 341. 
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antigens, 267 
antihemophiliae faetor, 221 
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atrioventricular node, 244 
atrioventricular valves, 243 
auditory tube, 201 
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ehapter answers/solutions, 127, 128 
ehapter problems, 126, 127 
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skull, 115-122 
thoraeie eage, 115, 122 
vertebral column, 115, 123-126 
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defined, 155 
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soma junction, 156 
spinal eord, 175 

B 

B eells, 267 
baeterial infeetions, 59 
balanee. 5ee also senses 
eharaeteristies, 196 
inner ear and, 202 
basophils, 219 
biearbonate ions 
deerease in, 279 
formation, 277 

hydrogen ions binding to, 278 
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magnesium ions bonding to, 70 
as polyatomie ions, 69 
too many, 278 
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bieeps femoris, 145 
bicuspid valve, 240 
bicuspids, 287, 288 
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leaving liver, 297 
production, 297 
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blood 
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cellular, 217, 218 
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ehapter problems, 236-238 
circulating, 217 
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eomposition, 217-218 
deoxygenated, 247, 254, 261 
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layers, 217 
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redeells, 218-219 
Rh faetor, 233-235 
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white eells, 219-220 
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from head to heart, 254-255 
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pressure reeeptors and, 281 
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glyeolipids and, 223, 224 
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arteries, 247-253 
information, 261 
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nephron, 326 
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veins, 254-260 
work problems, 260 
worked solutions, 261 
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transverse, 56 
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worked solutions, 58 
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glucose, 76 
ionie, 67 

polyatomie ionie, 69-70 
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braehioradialis, 143 
brachium, 42 
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brain (continued) 

meseneephalon, 170 
meteneephalon, 170 
midbrain, 171, 174 
myeleneephalon, 170 
oeeipital lobe, 167, 168, 173 
parietal lobe, 167, 168, 173 
pituitary gland, 171 
pons, 167, 168, 171, 174 
structures, 171-175 
sulcus, 167, 168 
teleneephalon, 169 
temporal lobe, 167, 168, 173 
thalamus, 171, 174 
work problems, 174 
worked solutions, 175 

breathing. See aJso lungs; respiratory system 
abnormal, 281-282 
ehemieal reeeptors, 281 
eontrol meehanisms, 280-281 
hyperventilation, 282 
pressure reeeptors, 281 
rate, 280, 281 
streteh reeeptors, 281 
bronehioles, 273, 274 
bucca, 42 
buffers 

earbon dioxide binding, 278 
defined, 79 

excessive amount, 278 
flow, 297 
laek of, 278 
normal amount, 278 
panereas, 293, 296 
bulbourethral gland, 336 
bundle branehes, 244 

e 

calcaneus, 42 
ealeitonin 

function, 211 
loeation, 210 
target, 210 

calcium ions, 151, 157, 221, 314 
eapillaries, 261 
eapitate, 130, 131 
earbohydrases, 296 

earbohydrates. See also organie molecules 
anabolism, 309 
eatabolism, 308-309 
defined, 76 
essential, 314 
example problems, 77-78 
faets, 76 

glucose formation, 307, 308 
metabolism illustration, 309 
metabolism of, 308-309 
earbon 

atoms, 74 

number of bonds, 74 
single/double bonds, 75 


earbon dioxide 

binding to buffer, 278 
in blood stream, 277 
deerease in, 281 
in erythroeyte, 277-278 
generation rate, 280 
hyperventilation and, 282 
inerease in, 281 
low eoneentration, 281 
in metabolism, 277 
in respiration, 273 
transportation, 273 
water and, 277, 281 
earbonate ions, 69, 70, 71 
earbonie aeid, 277 
carboxypeptidase, 296, 302 
eardiae muscle eells 
eharaeteristies, 97 
illustrated, 98 
eardiae noteh, 274 
earina, 274 
earotid eanal, 121 
earpal, 42 

eartilage eells. See aJso eonneetive tissue 
eharaeteristies, 100 
illustrated, 101 

eatabolism. See aJso metabolism 
ATP generation, 308 
earbohydrates, 308-309 
in eytosol, 307 
defined, 307 
example problems, 307 
fats, 311 

in mitoehondria, 307 
proteins, 310 
cecum 

defined, 293, 294, 300 
loeation, 53 
eell membrane 
eholesterol, 84 
defined, 84 
example problems, 84 
glyeolipid, 84 
phospholipid, 84 
protein, 84 

work problems, 84-85 
worked solutions, 85 
eell organelles 

example problems, 84 
fìjnetioning, 83 
golgi apparatus, 83 
lysosomes, 83 
mitoehondria, 83 
nucleolus, 83 
nucleus, 83 
ribosomes, 83 

rough endoplasmie reticulum, 83 
smooth endoplasmie reticulum, 83 
work problems, 84-85 
worked solutions, 85 
eell reproduction 
anaphase, 89 
eytokinesis, 89 
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defined, 88 
example problems, 89 
interphase, 88 
metaphase, 88 
mitosis, 88, 89 
phases, 88-89 
prophase, 88 
telophase, 89 
work problems, 90 
worked solutions, 90-91 
eells 

adipose, 99 
areolar, 99 
B, 267 
blood, 100 
bone, 100 

eardiae muscle, 97-98 

eartilage, 100-101 

eiliated columnar, 282, 283 

columnar, 96 

cuboidal, 96 

dense, 101 

ECF, 85 

gametes, 342 

glial, 98 

goblet, 282 

gustatory, 195, 196, 197, 288 
homeostasis and, 83, 95 
ICF, 85 

interstitial, 337 
matrix, 98 

matrix material, 98-99 
neuroglial eells, 161 
neuron, 98 
NK, 267 
reticular, 102 
Schwann, 161 
skeletal muscle, 97 
smooth muscle, 97 
sperm, 335 
squamous, 96 
T, 267 

water leaving, 87 
cellular layer. See also blood 
eharaeteristies, 218 
defined, 217 

erythroeytes, 217, 218-219 
leukocytes, 217, 218, 219-220 
eentral nervous system (CNS). See also nervous system; 
peripheral nervous system (PNS) 
araehnoid, 179 
bone tissue, 179 
brain, 167-175 
eerebrospinal fiuid, 179 
ehapter answers/solutions, 181-183 
ehapter problems, 180-181, 182 
defined, 155 
dura mater, 179 
elements, 167 
membrane tissue, 179 
meninges, 179 
pia mater, 179 
proteeting, 179 


spinal eord, 175-179 
venous fluid, 179 
work problems, 179-180 
worked solutions, 180 
eephalie vein, 256 
cerebellum. See also brain 
defined, 171 
function, 174 
illustrated, 168 
loeation, 167 

eerebral arterial eirele, 247 
eerebrospinal fluid, 179 
cerebrum, 171 
cerumin, 111 
ceruminous gland, 111 
eervieal, 42 

eervieal vertebrae. See also vertebral column 
atlas, 124 
axis, 124 
defined, 123 
illustrated, 124 
ehemieal reaetions, 77 
ehemieal reeeptors, 281 
ehemoreeeptors, 281 
ehloride ions, 278, 314 
ehloride shift 
defined, 278 
summary, 279 
eholeeystokinin, 303 
eholesterol 
bad, 317 

in eell membrane, 84 
eomposition, 76 
good,317 
HDL, 317 
hormones, 311 
LDL, 317 
as lipid, 311 
metabolism and, 317 
neeessity, 317 
use, 76 

ehordae tendineae, 243 
ehoroid plexus, 171 
ehristmas faetor, 221 
ehymotrypsin, 296, 302 
eiliated columnar eells, 282, 283 
elaviele, 122, 130 
CNS. See eentral nervous system 
eobalamin, 315 

eoehlea. See also hearing; inner ear 
defined, 200 
function, 202 
eoehlear nerve, 196, 201 
eolleeting duct, 323 
columnar eells 

eharaeteristies, 96 
eiliated, 282, 283 
illustrated, 96 

conducting system (heart), 244 
eones, 195 

eonneetive tissue. See also tissues 
adipose eells, 99 
areolar eells, 99 
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eonneetìve tissue (eontinaed) 
blood eells, 100 
bone eells, 100 
eartilage, 100-101 
eell eommonality, 98 
eell matrix, 98 
defined, 95 
dense eells, 101 
matrix material, 98-99 
reticular eells, 102 
eorona radiata, 339 
corpus callosum. 5ee also brain 
deseription, 171 
function, 174 
corpus luteum, 341 
eostal, 42 
coumadin, 221 
eovalent bonds 
earbon, 74 
defined, 74 

example problems, 75-76 
examples, 75 
hydrogen, 74 
nitrogen, 74 
number of, 74-75 
oxygen, 74 
representation, 74 
coxae, 133, 134 
eranial bones. See also skull 
example problems, 116 
illustrated, 116 
list of, 115 

eranial nerves. See also nerves; peripheral nervous 
system (PNS) 
abducens, 187 
defined, 187 
example problems, 189 
faeial, 187 
functions, 187-188 
glossopharyngeal, 188 
hypoglossal, 188 
illustrated, 188, 189 
mixed, 189 
motor, 188 
oculomotor, 187 
olfaetory, 187 
optie, 187 
sensory, 188 
spinal aeeessory, 188 
trigeminal, 187 
troehlear, 187 
vagus, 188 

vestibulocochlear, 187 

eross-bridges. See also muscle structure; muscles 
attaehment and pivot, 151 
defined, 150 
illustrated, 151 
crural, 42 
cubital 

loeation, 42 
vein, 256 
cuboid bone, 135 
cuboidal eells, 96 
cuneiform bones, 134, 135 


cuspids, 287, 288 

customized full-length exam, 347-370 
cutaneous membrane, 103 
eytokinesis, 89 
eytosol, eatabolism in, 307 

D 

deltoid, 143 

dendrite. See also neurons 
defined, 155 
illustrated, 156 
membrane, 156 
dense eells, 101 

deoxygenated blood, 247, 254, 261 
deoxyribonucleic aeid, 77 
depolarization 
axon, 157 
defined, 156 
in succession, 160 
threshold, 160-161 

depolarized neurons. See also neurons 
defined, 156 
illustrated, 157 
dermis. See also skin 
arreetor pili muscle, 110 
defined, 109 
example problems, 110 
layers, 109 

deseending eolon. See also large intestine 
defined, 300 
loeation, 53, 300 
diaphragm muscle, 274 
dieneephalon, 169 
differential count, 220 
diffijsion 

defined, 85 
examples, 85 
osmosis, 85-87 

digestive enzymes. See also enzymes 
carboxypeptidase, 296, 302 
ehymotrypsin, 296, 302 
laetase, 302 
lipase, 296, 297, 302 
maltase, 293, 296, 302 
mouth, 287 

panereatie amylase, 296, 302 
pepsin, 290, 291, 302 
peptidase, 293, 296, 302 
salivary amylase, 287, 302 
small intestine, 293 
stomaeh, 290 
sucrase, 293, 296, 302 
summary, 302 
trypsin, 296, 302 
digestive system 

aeeessory organs, 287 
ehapter answers/solutions, 305, 306 
ehapter problems, 304-306 
digestive enzymes, 287, 290, 293, 302 
example problems, 289-290, 292, 294, 298, 
301-302 
fijnetion, 287 
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gallbladder, 297-298 
hormones, 303 
large intestine, 300-302 
liver, 297-298 
mouth, 287-290 
organs, 287 
panereas, 296-297 
small intestine, 292-295 
stomaeh, 290-292 
work problems, 295, 299, 303-304 
worked solutions, 295, 299, 304 
digestive traet, 103 
direetional terminology 
anterior, 38 
ehapter problems, 60 
defined, 37 
example problems, 38 
illustrated, 40 
inferior, 37 
lateral, 38 
medial, 37 
posterior, 38 
superior, 37 
work problems, 40-41 
worked solutions, 41 
disaeeharides, 76 

distal convoluted tubule (DCT), 323 
DNA, protein production and, 83 
donation of paeked eells 
erythroeyte, 224, 227 
example problems, 227-228 
illustrated, 225, 227 
seenario, 225-226 
donation of plasma 
agglutinogen, 231 
defined, 230 
example problems, 231 
illustrated, 231 
donation of whole blood 
defined, 228 
erythroeyte, 228, 229 
example problems, 229-230 
illustrated, 229 
duodenal ulcers, 293, 296 
duodenum. See also small intestine 
defined, 292 
length, 292 
proteetion, 293 
dura mater, 179 

£ 

earaehes, 203 
ears 

auditory tube, 201 

eanal, 200 

eoehlea, 200 

eoehlear nerve, 201 

eoehlear region, 196 

example problems, 201-202 

helix, 200 

illustrated, 201 

incus, 200 


inner, 200, 202 
malleus, 200 
middle, 201, 202-203 
organ of Corti, 200 
ossiele, 200 
outer, 201 
oval window, 201 
pathway into, 200-203 
staples, 201 

tympanie membrane, 200 
work problems, 203 
worked solutions, 203-204 
ECF {extracellular fluid) 
defined, 85 
determination, 86 
hypertonie, 87 
solute eoneentrations, 87 
ECG (eleetroeardiogram), 245 
efferent arteriole, 326 
efferent nerves, 185 

eggs. See also female reproductive system 
eilia and, 339 
deeomposition, 339 
fertilized, 340 
mature, 339 

sperm eells fertilizing, 339 
successful fertilization, 339 
travel, 339 
ejaculation 
amount, 336 
cause, 338 
ejaculatory duct, 335 
eleetroeardiogram {ECG), 245 
eleetrolyte balanee, 331 
eleetrons 
faets, 65 

gaining/losing, 67 
transport system, 309 
elements, Periodie Table, 66 
elephantiasis, 265 
emulsification, 297 
endocardium, 246 
endoerine system 

adrenal cortex, 210-211 
adrenal medulla, 210-211 
atria of the heart, 210-211 
ehapter answers/solutions, 214, 215 
ehapter problems, 213, 214 
defined, 207 

example problems, 209, 211-212 
kidney, 210-211 
panereas, 210-211 
parathyroid gland, 210-211 
pituitary gland, 207-209 
study, 207 

thymus gland, 210-211 
thyroid gland, 210-211 
work problems, 212 
worked solutions, 212-213 
endometrium, 339, 340 
enzymes 

carboxypeptidase, 296, 302 
ehemìeal reaetions and, 77 
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enzymes (eontinaed) 

ehymotrypsin, 296, 302 
defined, 77 

digestive, 287, 290, 293 
functioning, 79 
laetase, 293, 296, 302 
lipase, 296, 297, 302 
maltase, 293, 296, 302 
in mitoehondria, 307 
panereas, 292, 294, 296 
panereatie amylase, 296, 302 
pepsin, 290, 291 
peptidase, 293, 296, 302 
pH and, 79 

salivary amylase, 287, 302 
sucrase, 293, 296, 302 
trypsin, 296, 302 
eosinophils, 219 
epicarclium, 246 
epidermis. See also skin 
defined, 109 
example problems, 110 
layers, 109 
epididymis, 335 
epigastrie region 
illustrated, 52 
loeation, 51 
epiglottis 

elosing of, 288 
defined, 274 
in swallowing, 289 
epinephrine 
function, 211 
loeation, 210 
target, 210 

epithelial tissue. See also tissues 
columnar eells, 96 
cuboidal eells, 96 
defined, 95 
squamous eells, 96 
erythroblastis fetalis, 235 
erythroblasts, 218 
erythroeytes. 5ee also blood 
earbon dioxide in, 277-278 
eharaeteristies, 218 
defined, 217 

in donation of paeked eells, 224, 227 
in donation of whole blood, 228, 229 
example problems, 219 
formation of, 331 
function, 218 
life span, 219 
in Rh faetor donation, 234 
structure, 218 

erythropoiesis, 218, 219, 332 
erythropoietin (EPO) 
function, 211,218 
loeation, 210 
target, 210 
esophageal hiatus 
eiefined, 289 
illustrated, 291 


esophageal reflux, 291 
esophageal sphineter. See also stomaeh 
defined, 291 

in digestive proeess, 291 
loeation, 90 
esophagus 
aeid and, 291 
defined, 288 
illustrated, 291 

essential amino aeids, 313-314 

essential earbohydrates, 314 

essential fatty aeids, 314 

essential molecules, 313 

estrogen, 311,341 

ethmoid bone, 115, 116, 118 

exam, customized full-length, 347-370 

exhalation, 275-276 

extensor digitorum, 143 

external oblique, 147 

external urethral sphineter, 330 

eyes 

eones, 195, 198 
eornea, 198 
example problems, 199 
inferior oblique, 199 
inferior rectus, 199 
internal, 197 
lateral rectus, 199 
lens, 198 

medial rectus, 199 

muscles, 198 

optie dise region, 198 

optie nerve, 198 

pathway of light to, 197-199 

pupils, 195 

retina, 197, 198 

rods, 195, 198 

superior oblique, 199 

superior rectus, 199 

vitreous ehamber, 198 

F 

faeial bones. See also skull 
anterior view, 117 
example problems, 119 
inferior nasal eonehae, 117 
inferior view, 118 
laerimal, 117, 118 
lateral view, 117 
mandible, 117, 118 
maxillary, 117, 118 
nasal ,117 
palatine, 117 
posterior palatine, 118 
vomer, 117 
zygomatie, 117 

faeial muscles. See also muscles 
example problems, 142-143 
illustrated, 142 
list, 141 

faeial nerve, 187 
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FAD (flavin adenine dinucleotide), 316 
fats 

anabolism, 311 
break down, 297 
eatabolism, 311 
eomposition, 76 
digestion, 308, 311 
emulsification, 297 
metabolism, 310-311 
metabolism illustration, 311 
molecules, 310 
uses, 76 
fatty aeids 

in eatabolie reaetions, 308 
eell membrane, 314 
essential, 314 
formation, 308, 311 
linoleie aeid, 314 
linolenie aeid, 314 
nonessential, 314 
reeombining, 311 

female reproductive system. See also eggs; 
reproductive system 
corpus luteum, 341 
endometrium, 339, 340 
endrometrial lining, 340 
estrogen, 341 
example problems, 341 
folliele stimulating hormone (FSH), 341 
hormones, 341 
luteinizing hormone, 341 
myometrium, 339 
ovaries, 339 
progesterone, 341 
uterus, 339 

work problems, 341-342 
worked solutions, 342 
zygotes, 340 
femoral nerve, 177 
femoral vein, 258 
femur 

eondyles, 134 
greater troehanter, 134 
head, 134 

intereondylar fossa, 134 
loeation, 42 
fìbers 

as matrix material, 99 
muscle, 150 
short/long, 99 
fìbrinogen, 221 
fìbula, 134, 135 
fìngers, 130, 131 
fìve senses. See senses 
flagellum, 337 
floating ribs, 122 
folie aeid, 315 

folliele stimulating hormone (FSH) 
function, 208 
loeation, 207 

seminiferous tubules target, 335, 337 
target, 208 


foot, 134, 135 
foramen. See also skull 
anterior view, 121 
earotid eanal, 121 
defined, 120 
example problems, 122 
inferior view, 121 
infraorbital, 123 
jugular, 121 
lacerum, 121 
laerimal, 123 
magnum, 121 
mental, 123 
ovale, 121 
spinosum, 121 
supraorbital, 123 
transverse, 124 
fornix, 171 
frons, 42 
frontal, 56 

frontal bone, 115, 116 
frontal lobe. See also brain 
function, 173 
illustrated, 168 
loeation, 167 
frontalis, 141 
fructose, 76 

G 

galaetose, 76 
gallbladder 

bile, 292, 297 
eommon bile duct, 297 
eystie duct, 297 
example problems, 298 
function, 297 
illustrated, 298 
tubes, 297 
gametes, 342 

gastrie rugae. See also stomaeh 
defined, 290 
in digestive proeess, 291 
gastrin, 303 
gastrocnemius, 145 
gel matrix, 99 
general senses, 195 
glands 

adrenal cortex, 210 
adrenal medulla, 210 
apoerine, 111 
atria of the heart, 210 
bulbourethral, 336 
ceruminous, 111 
kidney, 210 

male reproduction, 336-337 
meroerine, 111 
panereas, 210 
parathyroid, 210 
parotid, 288 
pituitary, 171,207-209 
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glands (continued) 
prostate, 335, 336 
salivary, 287, 288 
sebaceous, 111 
seminal vesiele, 336 
sublingual, 288 
submandibular, 288 
thymus, 210 
thyroid, 210 
glial eells, 98 

glomerular eapillaries, 323 
glomerular capsule 
blood and, 328 
defined, 323 

glossopharyngeal nerve, 188 
glottis, 274, 288 
glucagons 
function, 211 
loeation, 210 
target, 210 
glucocorticoids 
function, 211 
loeation, 210 
target, 210 
glucose 

bonded to glucose, 76 
in eatabolie reaetions, 308 
formation, 307, 308 
molecules, 309 
gluteal eleft, 42 
gluteal fold, 42 
gluteus maximus, 147 
glyeerol 

in eatabolie reaetions, 308 
in eytosol, 311 
formation, 308, 311 
reeombining, 311 
glyeogen, 76 
glyeolipids 

blood typing and, 224 
in eell membrane, 84 
eomposition, 76 
defined, 223 
glyeolysis, 309 
goblet eells, 282 
golgi apparatus, 83 
goose bumps, 110 
graeilis, 145 
grovvth hormone (GH) 
function, 208 
loeation, 207 
target, 208 
gustation, 195 

gustatory eells, 195, 196, 197, 288 
gyrus, 167, 168 

H 

hair. See also integumentary system 
arreetor pili muscle, 110 
defined, 110 
example problems, 111 
hallux, 42 


hamate, 130, 131 
hand, 130, 131 

HCG (human ehorionie gonadotropin), 342 
HDL (high-density lipoprotein), 317 
hearing. See also senses 
eharaeteristies, 196 
eoehlea, 200 
ears and, 200-202 
heart 

aortie areh, 240, 246, 252 
aortie semilunar valve, 240 
apex, 243, 246 
aseending aorta, 240 
atria of, 210, 243 
atrioventricular node, 244 
atrioventricular valves, 243 
base, 246 

bicuspid valve, 240 
blood fiow, 241 
blood vessels, 241 
bundle branehes, 244 
ehapter answers/solutions, 262-263, 264 
ehapter problems, 262, 263-264 
ehordae tendineae, 243 
conducting system, 244 
eleetroeardiogram (ECG), 245 
endocardium, 246 
epicardium, 246 
example problems, 242, 244 
illustrated, 239, 243 
inferior vena eava, 240 
internal, structure, 239-246 
left atrium, 240 
left ventriele, 240, 243 
lung proximity, 243 
moderator band, 243 
myocardium, 246 
pulmonary arteries, 240 
pulmonary semilunar valve, 240 
pulmonary trunk, 240, 246 
pulmonary veins, 240 
Purkinje fibers, 244 
right atrium, 240 
right ventriele, 240, 243 
semilunar valves, 240, 243 
sinoatrial node, 244 
superior vena eava, 240 
tricuspid valve, 240 
wall layers, 246 
work problems, 245-246, 260 
worked solutions, 246, 261 
heart murmurs, 243 
heart rate, 280 
heartburn, 291 
heme, 218 
hemoglobin 

amino aeids, 218 
defines, 218 
oxygen binding to, 273 
hemolytie disease of the newborn (HDN), 235 
hemolyze, 226 
hemophilia, 221 
heparin, 221 
hepatie fiexure, 300 
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hepatoeytes, 297 

hepatopanereatie sphineter, 292, 296, 297 
high-density lipoprotein (HDL), 317 
hip 

eomponents, 133 
coxae, 133, 134 
homeostasis 

eells and, 83, 95 
defined, 58 
example problems, 59 
maintenanee meehanisms, 58 
negative feedbaek meehanism, 58-59 
positive feedbaek meehanism, 59 
tissues and, 95 
hormones 

adrenoeortieotropie hormone (ACTH), 207, 208 

aldosterone, 210, 211, 332 

antidiuretic hormone (ADH), 207, 208, 328, 332 

atrial natriuretic peptide (ANP), 210, 211, 332 

ealeitonin, 210, 211 

eholeeystokinin, 303 

eholesterol-based, 311 

epinephrine, 210, 211 

erythropoietin (EPO), 210, 211,218 

estrogen, 311, 341 

folliele stimulating hormone (FSH), 207, 208, 335, 
337, 341 
gastrin, 303 
glucagons, 210, 211 
glucocorticoids, 210, 211 
grovvth hormone (GH), 207, 208 
human ehorionie gonadotropin, 341 
insulin, 210, 211 

luteinizing hormone (LH), 207, 208, 209, 337 

norepinephrine, 210, 211 

oxytocin (OT), 207, 208 

parathormone, 210, 211 

pituitary, 207-209 

progesterone, 341 

prolaetin (PRL), 207, 208 

seeretin, 303 

testosterone, 311,337 

thymosin, 210, 211 

thyroid stimulating hormone (TSH), 207, 208 
thyroxine, 210, 211 
triiodothyronine, 210, 211 
human ehorionie gonadotropin (HCG), 341,342 
humerus, 129, 130 
hyaluronidase, 337 
hydroehlorie aeid 
defined, 290, 291 
pepsinogen eombination, 291 
hydrogen, number of bonds, 74 
hydrogen ions 

aeidie eharaeteristie, 78, 315 
binding to biearbonate ions, 278 
buffering, 316 

in earbonie aeid ionization, 277 
laekof, 278, 281 
pH and, 78 

production of, 277, 281,316 
too many, 278 
hydroxide ions, 69 
hyoìd bone, 119 


hyperventilation, 282 
hypodermis, 109 
hypogastrie region 
illustrated, 52 
loeation, 51 

hypoglossal nerve, 188 
hypothalamus. See also brain 
deseription, 171 
function, 174 


I 

ICF (intracellular fiuid) 
defined, 85 
determination, 86 
hypotonie, 87 
solute eoneentrations, 87 
ileoeeeal sphineter, 294, 300 
ileum. See a/so small intestine 
absorption, 294 
defined, 293 
ileoeeeal sphineter, 294 
length, 293 
iliae artery, 252 
immunity 
aetive, 268 
antibodies and, 267 
passive, 268 
types, 268 

vvhite blood eells and, 267 
impulse 

aetion potential, 156 
all-or-none prineiple, 160 
depolarization, 156, 157 
example problems, 158 
neurotransmitter, 157 
one-vvay transmission, 159-160 
opposite direetion travel, 160 
proeess, 156-158 
repolarization, 157, 158 
travel manner, 159-160 
vvork problems, 158-159 
vvorked solutions, 159 
ineisors, 287, 288 
inferior, 37 

inferior nasal eonehae bones, 117 
inferior oblique, 199 
inferior orbital fissure, 123 
inferior rectus, 199 
inferior vena eava, 240 
infraorbital foramen, 123 
inguinal, 42 
inhalation, 275-276 
inner ear. See also ears 
balanee apparatus, 202 
eoehlea, 200, 202 
elements, 200 
hearing apparatus, 200-201 
vestibular apparatus, 202 
inorganie molecules, 74 
insulin 

ftjnetion, 211 
loeation, 210 
target, 210 
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integumentary system 

ehapter answers/solutions, 113-114 
ehapter problems, 113, 114 
defined, 109 

example problems, 110, 111 
glands, 111 
hair, 110 
nails, 110 
skin, 109-110 
work problems, 112 
worked solutions, 112 
internal ear bones, 119 
internal urethral sphineter, 330 
interphase, 88 
interstitial eells, 337 
intracellular fluid. 5ee ICF 
ions 

biearbonate, 277 
bonding, 67 

calcium, 151, 157, 221,314 
ehloride, 278, 314 
defined, 67 

example problems, 68-69 
hydrogen, 78, 277, 316 
magnesium, 315 
negative eharge, 67 
polyatomie, 69-71 
positive eharge, 67, 156 
potassium, 314 
single, 69 
sodium, 315 
iron, 218 

isotopes. See also atoms 
defined, 71 

example problems, 72 
neutron calculation, 71 
radioaetive, 72-74 
writing, 72 

I 

jejunum. See also small intestine 
defined, 293 
digestion, 294 
length, 293 
villi, 293, 294 
jugular foramen, 121 

K 

keratin, 109 

kidneys. See also urinary system 
aeid-base balanee, 331 
ADH, 332 
aldosterone, 332 
ANP, 332 

balaneing body fluids, 331 
blood pressure balanee, 331 
eolleeting duct, 323 
distal convoluted tubule (DCT), 323 
effieieney, 327 
eleetrolyte balanee, 331 


erythroeytes formation, 331 
erythropoiesis, 332 
fìjnetions, 331-332 
glomerular eapillaries, 323 
glomerular capsule, 323, 328 
hormones, 210 
illustrated, 323 
internal structures, 323-332 
major calyx, 323 
minor calyx, 323 
nephron loop, 323 
nephrons, 321, 323 
oxygen deerease, 218 
proximal convoluted tubule (PCT), 323 
renal pelvis, 323 
renal pyramid, 323 
renin/angiotensin systems, 332 
ureters, 321 
water amount, 327 
Kreb’s reaetions, 309 

L 

laerimal bones, 117, 118 
laerimal foramen, 123 
laetase, 293, 296, 302 
laetose, 76 

large intestine. See also digestive system 
aseending eolon, 300 
cecum, 293, 294, 300 
deseending eolon, 300 
example problems, 301-302 
fìjnetion, 300 
hepatie flexure, 300 
illustrated, 301 
rectum, 300 
sigmoid eolon, 300 
sigmoid fìexure, 300 
splenie fìexure, 300 
transverse eolon, 300 
laryngophaiynx, 273, 274 
lateral eerebral fissure, 167, 168 
lateral gray, 178 
lateral rectus, 199 
lateral ventriele, 171 
lateral white, 178 
latissimus dorsi, 147 
LDL (low-density lipoprotein), 317 
left atrium, 240 
left earotid artery, 247 
left hypoehondriae region 
illustrated, 52 
loeation, 51 
left inguinal region 
illustrated, 52 
loeation, 51 

left lower quadrant (LLQ), 50 
left lumbar region 
illustrated, 52 
loeation, 51 

left primary bronehi, 273 
left upper quadrant (LL1Q), 50 
left ventriele, 240, 243 



Index 


383 


leg muscles. 5ee also muscles 
example problems, 146-147 
illustrateci, 146 
list of, 145 
legs 

blood flow from, 258-259 
blood flow to, 251-252 
leukocytes. See also blood 
basophils, 219 
eharaeteristies, 219 
defìned, 217, 219 
eosinophils, 219 
examination of, 220 
example problems, 220-221 
formation, 219 
lymphoeytes, 220 
monoeytes, 220 
neutrophils, 219 
response, 220 
types, 219 
leukopoiesis, 219 
limbie lobe. See also brain 
deseription, 171 
ftjnetion, 173 
illustrated, 168 
loeation, 167 
lingual tonsils, 266, 274 
linoleie aeid, 314 
linolenie aeid, 314 
lipase, 296, 297, 302 
lipids. See also organie molecules 
eholesterol, 76, 311 
defìned, 76, 310 
faets, 76 
fats, 76 

glyeolipids, 76 
phospholipids, 76 
types, 76 
lipoprotein, 317 
liquid matrix, 99 
liver 

bile production, 297 
eommon bile duct, 297 
eommon hepatie duct, 297 
example problems, 298 
hepatie ducts, 297 
hepatoeytes, 297 
illustrated, 298 
loeation, 53 
tubes, 297 

LLQ(left lower quadrant), 50 
longitudinal fìssure, 167, 168 
low-density lipoprotein (LDL), 317 
lower limbs. See also appendicular skeletal system 
ankle, 134, 135 
example problems, 136 
femur, 134 
fìbula, 134, 135 
metatarsals, 134, 135 
patella, 134 
phalanges, 134, 135 
tibia, 134, 135 
lumbar 

loeation, 42 
plexus, 177 


lumbar vertebrae 
defìned, 123 
features, 124 
parts, 123-124 
lunate, 130, 131 

lungs. See also breathing; respiratory system 
earbon dioxide transportation with, 273 
heart proximity, 243 
left, 274 

membranes, 283 
parietal pleura, 283 
physieal proteetion, 282 
pleural fluid, 283 
right, 274 
viseeral pleura, 283 
lunula, 110 

LLIQ (left upper quadrant), 50 
luteinizing hormone (LH) 
ftjnetion, 209 
interstitial eells and, 337 
loeation, 207 
target, 208 
lymph fìuid, 265 
lymph nodes, 265 
lymphatie system 
appendix, 266 

ehapter answers/solutions, 271,272 
ehapter problems, 270-272 
defense and, 266-267 
defìned, 265 

example problems, 266, 267-268, 269 
lymph, 265 
lymph nodes, 265 
lymph vessels, 265-266 
lymphoeytes, 266 
spleen, 265 
thymus, 265 
tonsils, 266 
work problems, 269 
worked solutions, 270 
lymphoeytes 
B eells, 267 
defìned, 266 
formation, 266-267 
infeetion response, 220 
leukocytes as, 220 
NK eells, 267 
T eells, 267 
lysosomes, 83 

M 

magnesium ions, 315 
major calyx, 323 

male reproductive system. See also reproductive 
system 

bulbourethral gland, 336 
ejaculation, 336 
ejaculatory duct, 335 
epididymis, 335 
example problems, 336, 337 
glands, 336-337 
penile urethra, 335 
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male reproductive system (continued) 
penis, 338 

prostate gland, 335, 336 
semen, 336 
seminal vesiele, 336 
seminiferous tubules, 335 
structures, 335 
work problems, 338 
worked solutions, 338-339 
maltase, 293, 296, 302 
maltose, 76 

mandible bone, 117, 118 
manubrium, 122 
masseter, 141 
matrix. See also eells 
defined, 98 
fiber, 99 
gel, 99 
liquid, 99 
solid, 99 

maxillary bones, 117, 118 
medial, 37 
medial rectus, 199 
medulla oblongata. See also brain 
defined,171 
function, 174 
illustrated, 168 
loeation, 167 
megakaryoblasts, 221 
meiosis, 342 
melanin, 109 
membranes 

araehnoid, 179 
cutaneous, 103 
dendrite, 156 
dura mater, 179 
example problems, 103 
fatty aeids, 314 
lung, 283 
mucous, 103 
neuron, 156 
pia mater, 179 
serous, 103 
synovial, 103 
tympanie, 200 
meninges, 179 
menopause, 343 
menstruation, 343 
mental foramen, 123 
mentis, 42 

meroerine gland, 111 
meseneephalon, 170 
messenger RNA, 83 
metabolism 

anabolism, 307, 308 
of earbohydrates, 308-309 
earbon dioxide production, 277 
eatabolism, 307 
cellular, 287 

ehapter answers/solutions, 319, 320 
ehapter problems, 318-320 
eholesterol and, 317 
defined, 307 

example problems, 308, 311-312, 314 
offats, 310-311 


nutritional products, 314-315 
of proteins, 309 
vitamins and, 315-316 
work problems, 312, 317-318 
worked solutions, 313, 318 
metaearpals, 130, 131 
metaphase, 88 
metatarsals, 134, 135 
meteneephalon, 170 
midbrain. See aJso brain 
deseription, 171 
fìjnetion, 174 
middle ear. See also ears 
baeterial infeetion, 203 
eomponents, 201 
earaehes and, 203 
pharyngotympanie tube, 201,202 
pressure and, 202-203 
midsagittal, 56 
minor calyx, 323 
mitoehondria 

eatabolism in, 307 
defined, 83 
enzymes, 307 
reaetions, 310, 311 
mitosis 

anaphase, 89 
defined, 88 
metaphase, 88 
phases, 88-89 
prophase, 88 
telophase, 89 
moderator band, 243 
molars, 287, 288 
molecules 

essential, 313 
inorganie, 74 
movement of, 85 
nonessential, 313 
organie, 74-78, 84 
water, 85 
monoeytes, 220 
monosaeeharides, 76 
mouth. See also digestive system 
digestive enzymes, 287 
in digestive proeess, 287 
example problems, 289-290 
features, 287 
salivary glands, 287, 288 
structures, 288 
teeth, 287 
tongue, 287, 288 
uvula, 287, 288 
mucous membranes, 103 
mucus 

production, 103 
stieky, 282 
stomaeh, 292 
throat, 283 
muscle fasciculi, 150 
muscle fibers, 150 
muscle structure 
aetin, 150, 151 

eross-bridge attaehment and pivot, 151 
eross-bridges, 151 
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example problems, 151-152 
illustrated, 150, 151 
myosin, 150, 151 
muscles 

arm, 143-145 
arreetor pili, 110 
bieeps braehii, 143 
bieeps femoris, 145 
braehioradialis, 143 

ehapter answers/solutions, 152-153, 154 
ehapter problems, 152, 153 
eontraet stimulation, 150 
deltoid, 143 
diaphragm, 274 
extensor digitornm, 143 
external oblique, 147 
eye, 198 
faeial, 141-143 
frontalis, 141 
gastrocnemius, 145 
gluteus maximus, 147 
graeilis, 145 
inferior oblique, 199 
inferior rectus, 199 
lateral rectus, 199 
latissimus dorsi, 147 
leg, 145-147 
masseter, 141 
medial rectus, 199 
oeeipitalis, 141 
orbicularis oculi, 141 
orbicularis oris, 141 
palmaris longus, 143 
papillary, 243 
peetoralis major, 147 
pronator teres, 143 
rectus abdominis, 147 
rectus femoris, 145 
risorius, 141 
sartorius, 145 
semitendinosus, 145 
sternoeleidomastoid, 147 
superior oblique, 199 
superior rectus, 199 
supinator, 143 
temporalis, 141 
tibialis anterior, 145 
torso, 147-149 
trapezius, 147 
trieeps braehii, 143 
vastus intermedius, 145 
vastus medialis, 145 
work problems, 149 
worked solutions, 149-150 
muscular tissue. 5ee also tissues 
eardiae muscle eells, 97-98 
defined, 95 

skeletal muscle eells, 97 
smooth muscle eells, 97 
myeleneephalon, 170 
myocardium, 246 
myofibrils, 150 
myometrium, 339 


myosin 

eross-bridges, 150, 151 
defined, 150 

N 

NAD (nieotinamide adenine dinucleotide), 316 
nails 

defined, 110 
example problems, 111 
lunula, 110 
root, 110 
nasal bones, 117 
nasal eavity, 273, 274 
nasal eonehae, 274 
nasopharynx, 273, 274 
nasus, 42 

navicular, 134, 135 

negative feedbaek meehanism. See also homeostasis, 58 
defined, 58 
example problems, 59 
nephrons. See aJso kidneys 
blood and, 328, 329 
blood vessels assoeiated with, 326 
defined, 321,323 
distal convoluted tubule (DCT), 323 
function of, 327-329 
glomerular capsule, 323, 328 
loop, 323 

proximal convoluted tubule (PCT), 323 
waste material and, 327 
water and, 327, 328 
nerve plexuses. See also spinal eord 
braehial, 177 
eervieal nerves, 176 
defined, 176 
lumbar, 177 
saeral, 177 
nerves 

abducens, 187 

afferent, 185 

autonomic, 185 

eoehlear, 196, 201 

eranial, 187-189 

defined, 161 

efferent, 185 

faeial, 187 

femoral, 177 

glossopharyngeal, 188 

hypoglossal, 188 

oculomotor, 187 

olfaetory, 187, 195 

optie, 187, 195, 198 

parasympathetie, 185, 186, 338 

phrenie, 176 

seiatie, 161, 177 

somatie, 185 

spinal, 175, 176, 186-187 
spinal aeeessory, 188 
sympathetie, 185, 186, 338 
trigeminal, 187 
troehlear, 187 
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nerves (eontinaed) 
ulnar, 177 
vagus, 188 
vestibular, 196 
vestibulocochlear, 187 
nervous system 

eentral {CNS), 155, 167-183 

ehapter answers/solutions, 163, 164-165 

ehapter problems, 163, 164 

impulse, 156-158 

nerves, 161 

neurons, 155-156 

peripheral (PNS), 155, 167, 185-193 
neural tissue. See also tissues 
defined, 95 
glial eells, 98 
neurons, 98 
neuroglial eells, 161 
neurons 

axon, 155, 156 
eharaeteristies, 98 
defined, 155 
dendrite, 155, 156 
depolarized, 156, 157 
example problems, 158 
illustrated, 98, 156 
membrane, 156 
polarized, 156 
polarized nerve, 156 
presynaptie vesiele, 155, 156 
soma, 155, 156 
stimulated, 157 
structure, 155 
synapse, 156 
threshold, 160 
work problems, 158-159 
worked solutions, 159 
neurotransmitter, 157 
neutrons 

altered number of, 71 
calculation examples, 71 
faets, 65 

number, determining, 71 
sodium, 72 
neutrophils, 219 
niaein, 315, 316 
nitrogen, number of bonds, 74 
NK eells, 267 

nonessential amino aeids, 313-314 
nonessential fatty aeids, 314 
nonessential molecules, 313 
norepinephrine 
function, 211 
loeation, 210 
target, 210 
nucleic aeids, 77 
nucleolus, 83 
nucleus, 83 

O 

oeeipital, 42 

oeeìpital bone, 115, 116 


oeeipital lobe. 5ee also brain 
function, 173 
illustrated, 168 
loeation, 167 
oeeipitalis, 141 
oculomotor nerve, 187 
oculus, 42 
olfaetion, 195 
olfaetory nerve, 187, 195 
oogenesis, 343 
optienerve, 187, 195, 198 
optieal eanal, 123 
oral structures, 288 
orbicularis oculi, 141 
orbicularis oris, 141 
organ of Corti, 200 
organie molecules 
atoms, 74 
earbohydrates, 76 
eholesterol, 84 
elasses, 74 

eovalent bonds, 74-75 
defined, 74 
elements, 74 

example problems, 75-76, 77-78 

glyeolipid, 84 

lipids, 76 

nucleic aeids, 77 

phospholipid, 84 

proteins, 77, 84 

size, 74 

work problems, 79 
worked solutions, 80 
oris, 42 

oropharynx, 273, 274 
osmosis 
defined, 85 
diffusion and, 85 
example problems, 87-88 
examples, 86 
key terms, 86 
studying, 85-86 
otie, 42 
oxygen 

during exercise, 280 
hemoglobin binding, 273 
iron binding, 218 
number of bonds, 74 
in respiratory system, 273 
oxygenated blood, 247, 254, 261 
oxytocin (OT) 
fijnetion, 208 
loeation, 207 
target, 208 

P 

P wave, 245 
palatine bones, 117 
palatine tonsils, 266 
palmaris longus, 143 
panereas 

buffers, 293, 296 
carboxypeptìdase, 296, 302 
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ehymotrypsin, 296, 302 
enzymes, 292, 294, 296 
glucagons, 210 

hepatopanereatie sphineter, 296 
insulin, 210 
lipase, 296, 297, 302 
panereatie amylase, 296, 302 
trypsin, 296, 302 
panereatie amylase, 296, 302 
panereatie duct, 296, 297 
panereatin, 303 
papillae, 195, 196, 197 
papillary, 109 
papillary muscles, 243 
parasagittal, 56 

parasympathetie nerves. See also nerves 
defined, 185 
emergenee loeation, 186 
fiinetions, 186 
in penis ereetion, 338 
saeral region, 186 
parathormone 
function, 211 
loeation, 210 
target, 210 

parathyroid gland, 210 
parietal bones, 115, 116 
parietal lobe. 5ee also brain 
function, 173 
illustrated, 168 
loeation, 167 
parietal pleura, 283 
parotid glands, 288 
passive immunity, 268 
patella 

loeation, 42 

as lovver limb eomponent, 134 
peetoral girdle 
elaviele, 130 
eomponents, 129 
example problems, 132 
scapula, 130 
peetoralis major, 147 

pelvie girdle. See also appendicular skeletal system 
eomponents, 133 
example problems, 136 
hip, 133, 134 
pelvie region, 49 
penile urethra, 335 
penis ereetion, 338 
pepsin 

defines, 290 
ftjnetion, 302 
pepsinogen 

defined, 290, 291 
hydroehlorie aeid eombination, 291 
peptidase, 293, 296, 302 
Periodie Table, 66 

peripheral nervous system (PNS). See also eentral 
nervous system (CNS); nervous system 
afferent nerves, 185 
anatomy, 185 
autonomic nerves, 185 
ehapter answers/solutions, 191, 192-193 
ehapter problems, 190-191, 192 


eranial nerves, 187-189 
defined, 155, 185 
efferent nerves, 185 
parasympathetie, 185 
somatie nerves, 185 
spinal nerves, 186-187 
sympathetie nerves, 185 
work problems, 189-190 
worked solutions, 190 
peripheral vision, 198 
peristaltie waves, 288 
pH 

alkaline, 282 
blood, 79 
buffers, 79 
eoneepts, 78-79 
defined, 78 

enzyme function and, 79 
example problems, 78-79 
hydrogen ions and, 277 
seale, 78 

small intestine, 79, 296 
stabilization, 79 
stomaeh, 79 
stomaeh aeid, 296 
urine, 79 

work problems, 79 
worked solutions, 79 
phalanges, 130, 131, 134, 135 
pharyngeal tonsils, 266, 274 
pharyngotympanie tube 
bloeked, 203 
defined, 201 
ftjnetion, 202 
illustrated, 201 
loeation, 201 
phosphate ion, 69, 70 

phosphoglyeeraldehyde (PGAL), 309, 311,316 
phospholipids 

in eell membrane, 84 
eomposition, 76 
phrenie nerve, 176 
pia mater, 179 
pisiform, 130, 131 

pituitary gland. See a/so endoerine system, 171 
example problems, 209 
hormones, 207 

hormones, function of, 208-209 
as master gland, 209 
target of hormones, 208 
plasma. See also blood 
eharaeteristies, 218 
defined, 217 
donating, 230-231 

platelet thromboplastin faetor (PTF), 221 
platelets. See also blood 
defined, 221 
example problems, 222 
plaque and, 222 
response, 221-222 
pleural fluid, 283 

PNS. See peripheral nervous system 
polarized nerve, 156 
polarized neurons, 156 
pollex, 42 
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polyatomie ions. See also ions 
ammonium, 69, 70, 71 
biearbonate, 69, 70 
bonding, 69 
earbonate, 69, 70, 71 
defined, 69 

example bonds, 69-70 
example problems, 70-71 
examples, 69 
hydroxide, 69 
phosphate, 69, 70 
polysaeeharides, 76 
pons. See also brain 
defined, 171 
function, 174 
illustrated, 168 
loeation, 167 
popliteal, 42 
popliteal artery, 252 

positive feedbaek meehanism. See also homeostasis 
defined, 58, 59 
example problems, 59 
posterior, 38 
posterior gray, 178 
posterior palatine bones, 118 
posterior vvhite, 178 
potassium ions, 314 
P-Qsegment, 245 
pregnaney test, 342 
pressure 

middle ear and, 202-203 
reeeptors, 281 
presynaptie vesiele, 155 
pretest questions 
ansvver key, 29-36 
list, 1-28 

progesterone, 341 
prolaetin (PRL) 
function, 208 
loeation, 207 
target, 208 
pronator teres, 143 
prophase, 88 
prostate gland, 335 
protease, 296 

proteins. See also organie molecules 
amino aeids, 77, 307, 309 
anabolism, 310 
eatabolism, 310 
in eell membrane, 84 
defined, 77 
digestion, 307, 308 
enzymes, 77 

metabolism illustration, 310 
metabolism of, 309-310 
ribosomes and, 83 
protons 
faets, 65 
sodium, 72 

proximal convoluted tubule (PCT), 323 
pulmonary arteries, 240 
pulmonary semilunar valve, 240 
pulmonary trunk, 240, 246 
pulmonary veins, 240 


pupìls, 195 
Purkinje fibers, 244 
pylorie sphineter 
defined, 290, 292 
loeation, 290 
pyridoxine, 315 
pyruvic aeid, 307, 309, 310 

Q 

QRS wave, 245 
questions 

customized full-length exam, 347-370 
pretest, 1-28 

R 

radial artery, 249 
radial vein, 256 
radioaetive isotopes 
defined, 72 
designation, 72 
example problems, 72-73 
work problems, 73 
worked solutions, 73-74 
radius, 129, 130 
reaetive atoms, 67 
rectum, 300 
rectus abdominis, 147 
rectus femoris, 145 
red blood eells. See also blood 
defined, 218 
elements, 277 

erythroeyte structure, 218-219 
hemoglobin, 273 
renal artery, 321, 323, 327 
renal pelvis, 323 
renal pyramid, 323 
renin/angiotensin systems, 332 
repolarization. See also neurons 
defined, 157 
illustrated, 158 
reproductive system 

ehapter answers/solutions, 344, 345 
ehapter problems, 343, 344-345 
female, 339-342 
general information, 342-343 
male, 335-339 
requirements, 335 
reproductive traet, 103 
respiration. See also breathing 
deerease, 281 
defined, 273 
inerease, 281 

respiratory system. See also lungs 
alveoli, 273, 274 
bronehioles, 273, 274 
earbon dioxide in, 273 
ehapter answers/solutions, 284, 285 
ehapter problems, 283, 284-285 
ehloride shift, 277-279 
circulatory system and, 273 
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eontrol meehanisms, 280-281 
example problems, 274, 275 
exhalation proeess, 275-276 
inhalation proeess, 175-176 
laryngopharynx, 273, 274 
nasal eavity, 273, 274 
nasopharynx, 273, 274 
organs, 273-274 
oropharynx, 273, 274 
oxygen in, 273 
physieal proteetion, 282 
primary bronehi, 273 
proteeting, 282-283 
seeondary bronehi, 273 
tertiary bronehi, 273 
traehea, 273, 274 
work problems, 276, 279-280 
worked solutions, 276-277, 280 
respiratory traet, 103 
reticular eells, 102 
reticular tissue, 109 
retina, 197, 198 
Rh faetor. See also blood 
defined, 233 
donations involving, 234 
example problems, 235 
RhoGam, 234, 235 
riboflavin, 315, 316 
ribonucleic aeid, 77 
ribosomes, 83 
ribs 

eategories, 122 
floating, 122 
muscles, 275 
number of, 122 
support, 123 
vertebroehondral, 122 
vertebrosternal, 122 
right hypoehrondriae region 
illustrated, 52 
loeation, 51 
right inguinal region 
illustrated, 52 
loeation, 51 

right lower quadrant (RLQ), 50 
right primary bronehi, 273 
right upper quadrant (RUQ), 50 
right ventriele, 240, 243 
risorius, 141 

RLQ (right lower quadrant), 50 
RNA, 83 
rods, 195 

rough endoplasmie reticulum, 83 
RUQ (right upper quadrant), 50 

S 

saeeharides, 76 
saeral plexus, 177 
sagittal, 56 
salivary amylase 
defined, 287 
function, 302 


salivary glands 
defined, 287 
parotid, 288 
sublingual, 288 
submandibular, 288 
saphenous vein, 258 
saroplasmie reticulum, 151 
sartorius, 145 
seaphoid, 130, 131 
scapula, 130 
Schwann eells, 161 
seiatie nerve, 177 
sebaceous gland, 111 
sebum, 111 
seeond exposure, 267 
seeondary bronehi, 273 
seeretin, 303 
semen, 336 

semilunar valves, 240, 243 
seminal vesiele, 336 
seminiferous tubules, 335 
semitendinosus, 145 
senses 

balanee, 196, 202-203 
ehapter answers/solutions, 204-205, 206 
ehapter problems, 204, 205 
example problems, 196 
general, 195 
groups, 195 
hearing, 196, 200-202 
smell, 195 
speeial, 195 
taste, 195, 196-197 
vision, 195, 197-199 
serous fluid, 103 
serous membranes, 103 
sigmoid eolon, 300 
sigmoid flexure, 300 
sinoatrial node, 244 
skeletal muscle eells, 97 

skeletal system. 5ee appendicular skeletal system; axial 
skeletal system 

skin. See also integumentary system 
dermis, 109 
epidermis, 109 
example problems, 110 
hypodermis, 109 
tissues, 109 

skull. See also axial skeletal system 
eomponents, 115 
eranial bones, 115-116 
faeial bones, 117-119 
foramen of, 120-122 
hyoid bone, 119 
internal ear bones, 119 
work problems, 119-120 
worked solutions, 120 
the sliding filament theory, 151 
small intestine. See also digestive system 
digestion, 292 
digestive enzymes, 293 
duodenum, 292, 293 
example problems, 294 
hepatopanereatie sphineter, 292 
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small ìntestine (contìnued) 
ileum, 293, 294 
jejunum, 293, 294 
laetase, 293, 296, 302 
loeation, 53 

maltase, 293, 296, 302 
peptidase, 293, 296, 302 
pH, 79, 296 
sucrase, 293, 296, 302 
villi, 29, 293 
smell, 195 

smooth endoplasmie reticulum, 83 

smooth muscle eells, 97 

sodium, 72 

sodium ions, 315 

solid matrix, 99 

solute 

eoneentrations, 87 
defined, 85 
solution, 85 
solvent, 85 

soma. 5ee also neurons 
axon junction, 156 
defined, 155 
illustrated, 156 
somatie nerves, 185 
speeial senses, 195 

sperm eells. See aJso male reproductive system 
aerosomal eap, 337 
ejaculation amount, 336 
fertilizing eggs, 339 
flagellum, 337 
hyaluronidase, 337 
path, 335 
structure, 337 
transportation, 335 
spermatogenesis, 343 
sphenoid bone, 115, 116 
spinal aeeessory nerve, 188 
spinal eord. See also eentral nervous system (CNS) 
aseending traets, 176 
axons, 175 
cauda equina, 175 
conus medullaris, 175 
defined, 175 
deseending traets, 176 
example problems, 177, 178-179 
filum terminale, 175 
functions, 175 
illustrated, 176 
nerve plexuses, 176-177 
nerves, 175, 176, 186 
transverse view, 177-178 
spinal nerves. See also nerves 
eervieal, 175 
eoeeygeal, 175 
defined, 175 

example problems, 186-187 
illustrated, 176 
lumbar, 175 
parasympathetie, 186 
as peripheral nerves, 176 
saeral, 175 


sympathetie, 186 
thoraeie, 175 
spleen 

defined, 265 
fìjnetions, 265 
loeation, 53, 265 
splenie flexure, 300 
squamous eells, 96 
sternoeleidomastoid, 147 
sternum, 122 

stomaeh. See aJso digestive system 
aeid pH, 296 
aeidie ehyme, 292 
digestive enzyme, 290 
esophageal hiatus, 290 
esophageal sphineter, 290, 291 
example problems, 292 
gastrie rugae, 290, 291 
hydroehlorie aeid, 290, 291 
illustrated loeation, 291,293 
lining, 292 
loeation, 53 
mucus, 292 
pepsin, 290, 291, 302 
pepsinogen, 290, 291 
pH, 79 

pylorie sphineter, 290 
ulcer, 292 

stratum corneum, 109 
stratum germinativum, 109 
stratum granulosum, 109 
stratum spinosum, 109 
streteh reeeptors, 281 
subatomic partieles. See also atoms 
defined, 65 
eleetrons, 65 

example problems, 66-67 
neutrons, 65 
photons, 65 
sublingual glands, 288 
submandibular glands, 288 
sucrase, 293, 296, 302 
sucrose, 76 
sulcus, 167, 168 
superficial landmarks 

anterior view, arm and leg terms, 43 
anterior view, head and torso terms, 44 
ehapter problems, 60 
defined, 42 

example problems, 43-48 
illustrated, 43, 44, 46, 47 
list, 42 

posterior view, arm and leg terms, 46 
posterior view, head and torso terms, 47 
work problems, 48 
worked solutions, 49 
superior, 37 
superior oblique, 199 
superior orbital fissure, 123 
superior rectus, 199 
superior vena eava, 240 
supinator, 143 
supraorbital foramen, 123 
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sural, 42 
swallowing 

epiglottis during, 289 
reflex, 288 
sympathetie nerves 
defìned,185 
in ejaculation, 338 
lower thoraeie region, 186 
middle thoraeie region, 186 
upper thoraeie region, 186 
synapse, 156 
synovial fluid, 103 
synovial membranes, 103 


T eells, 267 
T wave, 245 
talus, 134, 135 
tarsals, 42, 134 
taste. See also senses 
eharaeteristies, 195 
tongue and, 196-197 
work problems, 199-200 
worked solutions, 200 
taste buds. See also tongue 
gustatory eells, 196, 288 
illustrated, 197 
inside papillae, 197 
teeth 

bicuspids, 287, 288 
cuspids, 287, 288 
functions, 287 
illustrated, 288 
ineisors, 287, 288 
molars, 287, 288 
teleneephalon, 169 
telophase, 89 
temporal bones, 115, 116 
temporal lobe. See aJso brain 
function, 173 
illustrated, 168 
loeation, 167 
temporalis, 141 
tertiary bronehi, 273 
thalamus. 5ee also brain 
deseription, 171 
function, 174 
thiamine, 315, 316 

thoraeie eage. See aJso axial skeletal system 
eomponents, 115 
ribs, 122 
sternum, 122 
thoraeie pressure, 275 
thoraeie region 
defìned, 49 
loeation, 42 
thoraeie vertebrae 
defìned,123 
features, 124 
parts, 123-124 
rib support, 123 
threshold, 160 


throat, mucus, 283 
thrombopoiesis, 221 
thymosin 

function, 211 
loeation, 210 
target, 210 
thymus gland 
defìned, 265 
loeation, 265 
thymosin, 210 
thyroid gland, 210 
thyroid stimulating hormone (TSH) 
function, 208 
loeation, 207 
target, 208 
thyroxine 

function, 211 
loeation, 210 
target, 210 
tibia, 134, 135 
tibial artery, 252 
tibialis anterior, 145 
tissues 

eonneetive, 95, 98-102 
dermis, 109 
epidermis, 109 
epithelial, 95, 96 
example problems, 102 
functioning, 95 
groups, 95 
homeostasis and, 95 
muscular, 95, 97-98 
neural, 95, 98 
skin, 109 

work problems, 104 
worked solutions, 104 
toes, 134, 135 
tongue 

in digestive proeess, 288 
functions, 287 
gustatory eells, 196, 197 
illustrated, 197 
papillae, 195, 196, 197 
taste buds, 196, 197, 288 
tonsils 

defìned, 266 
lingual, 266, 274 
palatine, 266 
pharyngeal, 266, 274 
torso muscles 

example problems, 148-149 
illustrated, 148 
listof, 147 
torso regions, 49 
traehea, 273, 274, 288 
transeription, 83 
translation, 83 
transverse, 56 
transverse eolon, 300 
transverse foramen, 124 
transverse spinal eord. See aJso spinal eord 
anterior gray, 178 
anterior white, 178 
examìnation, 177 
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transverse spinal eord (continued) 
illustrated, 178 
lateral gray, 178 
lateral white, 178 
orientation, 177 
posterior gray, 178 
posterior white, 178 
trapezium, 130, 131 
trapezius, 147 
trapezoid, 130, 131 
trieeps braehii, 143 
tricuspid valve, 240 
trigeminal nerve, 187 
triglyeerides, 310 
triiodothyronine 
function, 211 
loeation, 210 
target, 210 
triquetrum, 130, 131 
troehlear nerve, 187 
tropomyosin, 151 
troponin, 151 
trypsin, 296, 302 
tubal ligation, 343 
tunica externa, 261 
tunica interna, 261 
tunica media, 261 

U 

ulna, 130, 131 
ulnar artery, 249 
ulnar nerve, 177 
ulnar vein, 256 
umbilical region 
illustrated, 52 
loeation, 42, 51 

upper limbs. 5ee also appendicular skeletal system 
example problems, 132 
humerus, 129, 130 
metaearpals, 130, 131 
phalanges, 130, 131 
radius, 129, 130 
ulna, 130, 131 
wrist, 130, 131 
urea, 310 
ureters, 321 
urethra, 321,330 
urinary bladder 
defined, 321 

external urethral sphineter, 330 
function, 330 

internal urethral sphineter, 330 
loeation, 53 
signal volume, 330 
urine, 330 
volume, 330 
waste material and, 327 
urinary system 

ehapter answers/solutions, 333, 334 
ehapter problems, 333, 334 
defined, 321 

example problems, 322, 324-325, 329, 332 
functions, 321 


illustrated, 322 
kidneys, 323-332 
work problems, 325, 330 
worked solutions, 326, 330-331 
urinary traet, 103 
urine 

blood in, 328 
pH, 79 

in urinary bladder, 330 
uterus, frontal view, 340 
uvula 

defined, 287 
in digestive proeess, 288 

V 

vagus nerve, 188 

vasa reeta, 326, 327, 328 

vaseetomy, 343 

vastus intermedius, 145 

vastus medialis, 145 

veins. See also blood vessels 

blood fiow from arms to heart (ehart), 256 
blood fiow from arms to heart {illustration), 257 
blood fiow from head to heart (ehart), 255 
blood fiow from head to heart (illustration), 254 
blood fiow from legs to heart (ehart), 258 
blood fiow from legs to heart (illustration), 259 
braehioeephalie, 254 
eephalie, 256 
cubital, 256 
defined, 254 

deoxygenated blood, 254 
diameter, 261 

example problems, 255, 257-258, 259-260 
femoral, 258 
oxygenated blood, 254 
radial, 256 
saphenous, 258 
ulnar, 256 
venous fluid, 179 

vertebral column. 5ee also axial skeletal system 
anterior curve, 123 
eervieal vertebrae, 123 
eomponents, 115 
curvatures, 123 
curves, 123 

example problems, 124-125 
infant, 123 

lumbar vertebrae, 123 
posterior curve, 123 
thoraeie vertebrae, 123 
work problems, 125 
worked solutions, 125-126 
vertebroehondral ribs, 122 
vertebrosternal ribs, 122 
vestibular apparatus, 202 
vestibular nerve, 196 
vestibulocochlear nerve, 187 
villi, 293, 294 
viseeral pleura, 283 
vision. 5ee aJso senses 
eharaeteristies, 195 
eyes and, 197-199 
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peripheral, 198 
work problems, 199-200 
worked solutions, 200 
vitamins 

A, 315 

B, 315, 316 

C, 315 

eobalamin, 315 

D, 315 

E, 315 

folie aeid, 315 
K, 315 

metabolism and, 315-316 
niaein, 315, 316, 315, 316 
pyridoxine, 315 
riboflavin, 315, 316 
thiamine, 315, 316 
vomer bone, 117 

W 

waste material 

nephron and, 326, 327 
production, 327 
renal artery and, 327 
water 

earbon dioxide and, 277, 281 
eoneentration, 87 


flow, 87 
molecules, 85 
nephrons and, 327, 328 
white blood eells, 219-220 
wrist. See aJso upper limbs 
eapitate, 130, 131 
earpal bones, 131 
eomponents, 130 
hamate, 130, 131 
lunate, 130, 131 
pisiform, 130, 131 
seaphoid, 130, 131 
trapezium, 130, 131 
trapezoid, 130, 131 
triquetrum, 130, 131 

X 

xiphoid proeess, 122 

Z 

zygomatie bones, 117 
zygotes 

defined, 340 

human ehorionie gonadotropin, 341 
survival, 341 



